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Aim: To review and characterize dental mobile apps in the peer-reviewed literature and two 
popular mobile app stores, and assess their quality.  
Methods: A scoping review methodology was used to identify different types of mobile dental 
apps in seven medical and technical databases. The data of the identified research studies on 
dental apps were extracted (coded) by two researchers in a systematic process and the results 
were analyzed. Dental apps’ characteristics, publication pattern, development methodology, 
efficacy, and usability were reported. Then, a systematic review was conducted in Google Play 
and iOS app stores to identify patient-facing dental apps. Popular keywords were identified from 
multiple sources such as using Google Trends. Two researchers extracted the information of the 
identified dental apps and descriptive, and correlation analyses were conducted. Apps were 
evaluated for the presence of behavior change techniques (BCTs), evidence-based guidelines, 
technological features, privacy and security, credibility and health literacy. Lastly, a quality 
assessment using MARS scale was conducted for a selected sample of dental patient-facing apps 
from the published literature and the popular app stores.  
vii 
Results: The search resulted in 38 studies on dental apps. The identified dental apps (37) 
targeted multiple users and the common topic was oral pathology such as dental caries. The 
majority of dental apps was developed for diagnostics and screening purposes (40.5%). Apps 
included varied features and educational strategies. Only two papers used theories for developing 
dental apps, and five studies followed user-centered design principles. Fourteen papers only 
reported the use of clinical guidelines for developing dental apps (36.8%). Mobile app search 
resulted in 52 patient-facing dental apps (37 Android apps, and 15 iOS apps). The majority of 
apps focused on Oral Hygiene Behavior (31%). Apps targeted multiple users and contained 
varied features and BCTs including instructions (80.8%) and credible source (67.3%). Eleven 
apps were identified for the third project and the highest total MARS score was Philips Sonicare. 
The app contained the largest number of features compared to other apps (24).  
Conclusion: The dissertation will warrant the selection and prescription of high-quality dental 
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CHAPTER 1. INTRODUCTION AND BACKGROUND 
mHealth is the usage of mobile devices to support and deliver healthcare and public health 
services to the population. This can be achieved by the use of the features of services available in 
mobile phones or the use of more complex functionalities such as the smartphone applications 
(Kahn et al. 2010; World Health Organization 2011) 
The Significance, Prevalence and Demographic of Smartphone Ownership  
Smartphones are one type of mobile device that is widely used across different age groups, 
educational and income levels. The percentage of people who own smartphones worldwide is 
35.13% meaning 2.71 billion smartphone users globally.  (BankMyCell 2019). This number will 
increase to 6.1 billion in 2020 (TechCrunch 2015). In the USA, Pew Research Center showed 
that 64% of Americans owned either an Android or iOS smartphone (Smith 2015). This 
percentage increased to 77% in 2018 (Pew Research Center 2018). The prevalence of smartphone 
ownership varies by age group: 94% of 18-29 year olds own a smartphone, 89% of 30-49 year 
olds, 73% of 50-64 year olds, and 46% of those aged 65 and older (Pew Research Center 2018). 
The prevalence of smartphone ownership is similar across different groups (77% of whites, 77% 
of Hispanics, and 75% of Blacks own a smartphone) (Pew Research Center 2018). Smartphone 
ownership differs by the level of education: 80-91% of Americans with high levels of education 
(i.e., some college or college graduates) own smartphones compared to 57-69% owners of those 
with lower levels of education (less than college education) (Pew Research Center 2018). The 
same patterns are noted for income: 80-90% of Americans with an income higher than $30,000 
own smartphone whereas 67% of people with an income less than $30,000 have smartphones 
(Pew Research Center 2018). Smartphones are more accessible to people than any other types of 
technologies such as computers. The US national goals, healthy people 2020, 
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encourage the use of technology to improve population health and disease management, and 
ensure health equity (United States Department of Health and Human Services 2018). A greater 
percentage of lower income (< $30,000) Americans depend on smartphones for online access 
compared to high income owners (>$75,000), 31% vs 9% respectively (Pew Research Center 
2018). Non-white, and young populations commonly depend on smartphones for online access 
compared to the other groups (Pew Research Center 2018). People use their smartphones for 
different purposes that include seeking employment, furthering their education and improving 
their health (Smith 2015). Access to smartphones have the potential to address  the disparities in 
obtaining health information (i.e., increase the health education of users from undeserved 
communities) (Anderson-Lewis et al. 2018) thus it can improve the utilization of screening and 
preventive services, management of chronic conditions, and can lower the rate of hospitalization 
(Anderson-Lewis et al. 2018; Berkman et al. 2011; Patel et al. 2016 ). The majority of 
smartphone owners (63%) and more than the half (59%) of low income owners use their devices 
to seek information about different health conditions (Smith 2015). 
Mobile Health Applications, Prevalence and Usage  
Health information can be accessed on smartphones either through websites or mobile 
applications (‘apps’). Apps are specialized software programs that rely on smartphones’ core 
functionality to achieve a certain purpose (Olla and Shimskey 2015; Wallace et al. 2012). They 
can be easily downloaded from app libraries such as Android and iOS app stores. From 2013 to 
2017, the number of mHealth apps increased from 97,000 to 325,000 apps that are available at 
all app stores (Research2Guidance 2013; 2017). Approximately 1,000 additional health apps are 
developed every month (Research2Guidance 2013). The number of health apps are expected to 
grow 25% every year (Research2Guidance 2013). More than half of smartphone owners (58%) 
downloaded 1-5 mobile health apps to track and manage their health and well-being (Krebs and 
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Duncan 2015). Over three billion health apps were downloaded by consumers in 2015 
(Research2Guidance 2015).  65% of health app users opened their apps once daily at the 
minimum, and 44% of users spent from 1-10 min or 11-30 min on an average on health apps 
(Krebs and Duncan 2015).  
The use of mobile health apps varies by demographic characteristics. The age of health app users 
ranges from 18-81 years old, with the majority being 40 years of age Users of health apps are 
mainly White (35.5%), followed by Latino/Hispanic (27.9%), then African-American (25.4%), 
and lastly Asian-American, Native American and other races (7.1%, 1.3%, and 2.9%) (Krebs and 
Duncan 2015). Also, many health app users have at least a high school degree (45%) and an 
annual income less than $50,000/ year (60.4%) (Krebs and Duncan 2015).  
Mobile health apps can be used as means of delivery for individual behavioral interventions such 
as smoking cessation and weight management (Backinger and Augustson 2011; Borrelli 2018 ). 
They also can support health promotion and individual self-management in order to improve 
quality of life and reduce healthcare costs (Krebs and Duncan 2015; Robbins et al. 2017). Health 
apps are mainly used in the following ways: to promote health and educate consumers about a 
disease or condition; to track patients’ symptoms and manage their health conditions using the 
app solely or the app combined with wearable devices such as Fitbit; to remind consumers to 
take their medications and visit their doctor; and to interact with health providers (Olla and 
Shimskey 2015).  
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App Usage Among People with Different Health Conditions  
The frequency and manner of using health apps differs by medical condition. People with obesity 
use health apps more than people with depression or hypertension (Robbins et al. 2017). This is 
highly dependent on app characteristics that support the condition management and how 
adherent are individuals to a specific regime. Some app features help people with chronic 
conditions maintain a healthy lifestyle behavior such as tracking exercise and weight loss 
(Robbins et al. 2017). In one study, the author described the functionality and features of current 
disease management apps (e.g.,  asthma, diabetes, or mental health apps) that can help users 
manage their  conditions (Kao and Liebovitz 2017). Apps that are designed for patients with 
diabetes enable the recording of their blood glucose and calorie count, and the ability to set 
reminders for insulin administration. Asthma apps allow patients to track their peak flow, the 
progress of their symptoms, and set reminders to use their inhalers. Autism apps have special 
features for speech that facilitate communication with clinicians (Kao and Liebovitz 2017). 
Patients who need rehabilitation treatment use physical medicine and rehabilitation apps that can 
be prescribed by physicians (Kao and Liebovitz 2017). Rehabilitation apps are informational, 
providing patients with instructions for different exercises through pictures and videos. Apps 
also remind users of their therapy schedule, enable them to track their progress, and allow them 
to send their data to their clinicians for feedback (Kao and Liebovitz 2017).  
Dental apps can be informational, providing instructions on oral hygiene and educating users 
about oral cancer or dental trauma (Djemal and Singh 2016b; Nayak et al. 2017; Underwood et 
al. 2015). Dental apps help users track their oral hygiene behavior and remind them of their 
dental appointments (Underwood et al. 2015). Oral health apps can be used to facilitate 
diagnoses, such as the detection of oral lesions or screening for caries (Estai et al. 2017a; Estai et 
al. 2016b; Gomes et al. 2017). The screening and diagnostic dental apps are mainly used by mid-
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level providers or by dentists in dental clinics where they can interact remotely with consultants 
from tertiary centers (Estai et al. 2017a; Estai et al. 2016b; Gomes et al. 2017).  
Cost Effectiveness of Health Apps 
Few studies examine the cost effectiveness of mobile health apps. These studies either calculate 
costs from the societal aspect such as estimating the cost of participants’ time (Sjostrom et al. 
2017), or from the perspective of healthcare, such as counting the cost of medical supplies 
(Armstrong et al. 2014) or some studies have calculated costs from both individual and system 
perspectives. One study assessed the cost utility of Tät app which is a self-management app that 
targets women who suffer from urinary incontinence UI, and provides them with treatment 
information and instructions (pelvic floor muscle training PFMT). Although the high societal 
costs (participant’s time for PFMT, for laundry, incontinence aids, and extra laundry loads) 
found within the app group vs no treatment group, the annual gain of quality-adjusted life years 
was significantly higher among the app versus the control group (Sjostrom et al. 2017). The 
high costs for the app group was mainly because most of the participants time was spent on 
PFMT; however, the study showed the app group’s large savings on laundry and incontinence 
aids 
(Sjostrom et al. 2017)  Another study found that mobile app follow-up care for ambulatory 
surgeries is more cost effective compared to in-person follow-up care. Monitoring conditions 
through the app cost $223 USD less than in-person follow up visits, and reduced the flow of 
patients to clinics (Armstrong et al. 2014). These savings improved the efficiency of hospitals, 
either by cutting the demand for larger clinics, thus reducing the expenses, or through accepting 
new patients for consultations in existing clinics (Armstrong et al. 2014). The aforementioned 
studies indicate that costs will potentially decrease when a large number of people use the app, 
and that managing care via apps have the potential to be less expensive than the traditional 
means of care (Armstrong et al. 2014; Sjostrom et al. 2017).  
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Dental apps that target improvements in oral health awareness may also be more efficient than 
the traditional means of providing education because it saves money on printing and distributing 
pamphlets  (Underwood et al. 2015). In addition, oral health apps can save the costs of hiring 
trained dental professionals to conduct visual screening for dental caries at schools, and can save 
the expense of their traveling   (Estai et al. 2017a). 
Efficiency of Health Apps  
Well-designed medical apps have the potential to improve the efficiency of provision of care and 
self-management in a healthcare setting. Apps can facilitate communication between patients and 
practitioners, aid practitioners in data collection regarding patient health status and behaviors, 
medical record editing, and service delivery via tele-diagnosis and telemedicine (Nicholas et al. 
2017; Olla and Shimskey 2015). In one study, apps for bipolar patients have been shown to 
facilitate communication between doctors and patients, and help consumers reduce the burden of 
self-report through features that track mood, symptoms, and medications which, in turn, help 
physicians deeply understand the patient ‘out of office” experience and thus better manage their 
patients’ conditions (Nicholas et al. 2017). Users perceived the therapeutic effects of these apps 
on their health and reported their usefulness when accompanied with their clinical care (Krebs 
and Duncan 2015; Nicholas et al. 2017). Mobile health apps also advance the process of data 
collection and enhance remote care services. One app focused on home monitoring for patients 
who underwent one-day surgery procedures. The app monitored patients’ recovery after surgery 
to detect and manage any postoperative complications. Patients were able to follow up with their 
doctors, and sent pictures to receive the necessary care in the convenience of their homes  
(Armstrong et al. 2014). The amount of health data collected through the app surpassed the 
traditional means of remote care that used to be delivered through telephone or in-person 
(Armstrong et al. 2014). In addition, when health apps are integrated with medical records, 
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patients can also send their health information directly to clinicians through the app. This 
therefore can reduce the time needed for documentation and improve the efficiency of the clinic 
workflow (Wilson 2015).  
Research Objectives 
Health apps have tremendous potential to impact people’s lives and well as cost to health 
systems.  Although research has shown the usefulness of medical apps, the research on dental 
apps is comparatively limited. Thus, our protocol will address three main goals to expand on the 
foundation for mobile health research in dentistry.   
The aims of this protocol are the following:  
1- Identify and describe the published literature on mobile apps for oral health that target 
patients, dental professionals and students (Scoping Review).
2- Identify and characterize the most popular oral health apps for individuals and patients 
available in app stores, and perform content analyses to describe their behavior change 
techniques, technological features, accuracy of information, and comprehensiveness.
3- Assess the quality and usability of oral health apps for patients using the Mobile Rating 
Scale (MARS) tool which is a validated and reliable tool to systematically appraise the 
quality of mobile health apps. 
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CHAPTER 2. PROJECT 1: MOBILE APPS FOR ORAL HEALTH: A SCOPING 
REVIEW   
The Scope of Research on Mobile Health Apps  
Review of apps have mostly occurred within medicine, rather than dentistry (Hussain et al. 
2015). Some reviews of medical apps classified mhealth app studies into review articles, studies 
on the use of medical apps, and framework reports that guide app development (Hussain et al. 
2015), while others explore health apps in particular specialty- or disease-based fields such as in 
Women’s health (Derbyshire and Dancey 2013; Robinson and Jones 2014; Tripp et al. 2014), 
Pediatrics (Slaper and Conkol 2014; Sondhi and Devgan 2013), Public health (Arnhold et al. 
2014; Bender et al. 2013; Goyal and Cafazzo 2013), Asthma (Huckvale et al. 2012), and 
Dentistry (Baheti and Toshniwal 2014; Djemal and Singh 2016b; Khatoon et al. 2013; Singh 
2013). These reviews were usually conducted in both the peer-reviewed literature and in app 
stores such as Android and Apple. 
With regard to reviews of mobile apps in dentistry, one paper categorized the existing dental 
apps according to the target users, yet did not describe nor assess the apps in depth (Khatoon et 
al. 2013). Another two reviews focused only on orthodontic apps for clinicians and patients, and 
both reviews were conducted only in app stores (Baheti and Toshniwal 2014; Singh 2013). One 
of the reviews focused on apps in outdated operating systems, such as Windows and Blackberry 
(Singh 2013). A recent review explored only apps for dental trauma that target both clinicians 
and patients. The review was also focused on apps in app stores including one old operating 
system, Windows (Djemal and Singh 2016b). The most recent review of dental apps assessed 
oral health promotion apps, and the study was conducted only in app stores (Tiffany et al. 
2018b). As some of these aforementioned studies are outdated and others are limited to a very 
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specific dental field, a comprehensive review of dental apps in both literature and app stores is 
greatly needed especially with the increasing prevalence of mHealth apps. 
Another category of research work on mHealth apps examined the benefits and impacts of 
medical apps (Hussain et al. 2015). Previous research showed the impact of mhealth apps on the 
following areas: health promotion, self-management, communication, remote monitoring, data 
gathering, improvement of adherence, and training/education (Fiordelli et al. 2013). Researchers 
reviewed health apps that were purposefully designed to help patients manage their pain (Lalloo 
et al. 2015; Rosser and Eccleston 2011) or adhere to medications (Bailey et al. 2014; Dayer et al. 
2013), or educate them about harmful practices such as pro-smoking apps (BinDhim et al. 2014). 
With regard to reviews of dental apps, few studies have investigated their use and assessed the 
impact of these novel interventions on patients’ oral health knowledge and behavior (Alkadhi et 
al. 2017a; Iskander et al. 2016a; Li et al. 2016; Lin et al. 2014a; Marchetti et al. 2018b; Nayak et 
al. 2017; Zotti et al. 2016). Dental apps found to be effective in improving oral health knowledge 
through app notifications and animated videos as reported by the users of Brush DJ app 
(Underwood et al. 2015) . Also, increasing the patients compliance with oral hygiene behavior 
via daily active reminders (Alkadhi et al. 2017b).The dental app was shown to be beneficial to 
orthodontic patients as it significantly reduced their plaque and gingival indices (Alkadhi et al. 
2017b). 
Only one dental app (“Brush DJ”)  was approved as an evidence- based app by the National 
Health Service Choices Health Apps Library (National Health Service 2018) in England. The 
app targets all age groups and provides education about caries and periodontal disease prevention 
based on evidence-based guidelines from the Public Health England  (Davies and Davies 2008). 
The app provides links to external credible websites that include Information on smoking 
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cessation, alcohol drinking, diet and fluoride. In addition to providing oral health information, 
the app encourages users to perform oral hygiene behavior on a regular basis (e.g. brush teeth for 
two minutes/ twice a day, use a mouthwash) through video demonstration on YouTube. The app 
also increases users’ compliance to oral hygiene practices through using reminders, music and 
push notifications to help them maintain a good oral hygiene (Underwood et al. 2015). Users of 
the Brush DJ app self- reported that the app motivated them to brush their teeth longer with the 
joy of listening to music. They also mentioned that the app helped them correctly perform 
different oral hygiene activities and kept them on track by sending reminder messages. Lastly, 
users perceived the benefits of the app by feeling that their teeth were cleaner than before using 
the app.  
Significance of Conducting A Review Study On mHealth Apps.  
Conducting review studies of health apps in literature and app stores has major benefits to 
patients, clinicians, researchers, and developers. Consumers find it challenging to select the best 
health app to their needs from the enormous number of apps in app stores. They mainly rely on 
app rating and reviews to decide on an app or try few apps before adhering to one (Kao and 
Liebovitz 2017). Even after choosing the app, the validity of the app content and its reliability 
are questionable as many apps can include information that is not evidenced-based or is 
potentially iatrogenic. Physicians are also uncertain which health app to recommend to their 
patients’ condition due to the fear of liability and the tremendous number of health apps 
published in app stores. As of 2015, only 16% of clinicians were prescribing health apps to their 
patients. However, 46% of clinicians anticipated they would also prescribe health apps in the 
next five years (Medical Economics 2015) . 
In addition to the above-mentioned benefits, conducting a review study and assessment of health 
apps highlights the popular health apps that are available, and provides healthcare organizations 
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with an evidence-based list of apps to prescribe to their patients. Some studies have provided 
enough evidence regarding app effectiveness that payors are encouraged to reimburse the use of 
mobile health apps. For example, BlueStar is an FDA approved app for managing diabetes and 
was the first app to secure reimbursement from insurance companies. The app was made 
available to employees as part of their prescription benefit plans (Dolan 2013). Conducting 
reviews on mobile health apps also helps identify the gaps in and therefore developers and 
scientists can address them or improve upon them in the next version of their apps (Jake-
Schoffman et al. 2017; Schoeppe et al. 2017).  
Developing new apps to overcome existing barriers are not feasible and will cost a large amount 
of money. Thus, to meet consumers’ demands, healthcare organizations and hospitals have 
translated mHealth research results into initiative projects called “app digital hubs.” These hubs 
approve the quality of existing health apps and recommend them to their clients who could be 
patients and doctors (K 2014 ; 2015 ). Inspired by the idea of Genius Bars of Apple stores, 
Morristown Medical Center in New Jersey has established an on-site digital health store, 
HealtheConnect. This store has supported both patients and health teams to adopt mHealth 
technologies, and facilitates the conversation between them. Patients can learn how to download 
and use the recommended apps for their specific condition at HealtheConnect store (Dolan 2015 
; HealtheConnect 2018 ). Another app bar was launched by the Ochsner Health System in New 
Orleans termed O Bar. Ochsner’s O Bar has an approved selection of over 200 health apps that 
vary from health promotion apps to wellness and disease management apps. Technology experts 
help patients find the health app that fits their condition and then teach the patient how to use the 
apps. Additionally, the O Bar also helps patients connect their health data and integrate it with 
Apple HealthKit so physicians can monitor patients’ conditions remotely (Comstock 2015 ). 
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Organizations have also launched their own online app stores to curate trusted and clinically safe 
health apps to consumers. ADEO platform by Cleveland Clinic in US and the National Health 
Service Choices Health Apps Library in UK are two examples of online app stores (Comstock 
2015; National Health Service 2018). The NHS app library, for instance, assess apps against pre-
set NHS standards to ensure the provision of high-quality health apps to patients and the public. 
Users can find safe and trusted apps in this library to manage their health and wellbeing 
(National Health Service 2018). 
Methods 
Overview of Methods  
The scoping review methodology was selected to map out the nature and extent of current 
research evidence on apps used in oral health behavior assessment and interventions.  This 
approach led to the identification of sources of evidence, key concepts, and highlighted the gaps 
for future research. We followed the scoping review framework by Arksey and O’Malley 
(Arskey and O'Malley 2005) that included the following steps: (1) Identifying the research 
question, (2) Identifying relevant studies, (3) Selecting related studies, (4) Coding data from the 
selected articles, and (5) Summarizing and reporting the findings (Arskey and O'Malley 2005).  
Stage 1: Research Questions Identification  
The review aimed to answer the following research questions (RQ) illustrated in Table 2.1 that 
follows the guidelines and organization of Zapata and colleagues in their study of (Zapata et al. 
2015) 
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Table 2. 1 Research questions 
No. Research question Motivation 
RQ1 What are the main types of mobile dental 
apps that are available in the literature that 
target dentists, patients, and students?  
To identify different dental apps that are 
in the peer-reviewed published 
literature.   
RQ2 What are the characteristics and features of 
the identified oral health apps?   
To assess and describe dental app 
features in the peer-reviewed published 
literature. 
RQ3  Which journals have published articles on 
mobile dental apps?  
To explore different sources of 
publications for articles on mobile 
dental apps.  
RQ4 What is the pattern of publication frequency 
of dental mobile apps over the years?  
To report the trends of mobile app 
publications over time.  
RQ5 How effective are mobile dental apps to 
improve the users’ knowledge of oral health 
and adherence to oral health behavior? 
To report the evidence of the 
effectiveness of dental apps in 
improving oral health knowledge and 
behavior among different populations. 
RQ6 What is the efficacy of dental apps in 
improving the oral health status of users? 
To report the efficacy of mobile dental 
apps on oral health and treatment 
outcomes. 
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RQ7 How feasible and acceptable are dental apps 
to users?  
To report the feasibility, acceptability, 
and perceptions of users of mobile 
dental apps.   
Stage 2: Resource Identification & Search Strategy 
A systematic search was conducted in November 2018 in the following databases to include both 
medical and technical literature: MEDLINE, Web of Science, EMBASE, CINAHL, IEEE 
Xplore, Cochrane, and PsycINFO. To ensure the comprehensiveness of our search, keywords 
used included the different terms for mobile apps, target users of dental apps (e.g., patients, 
students, and dentists), and a range of dental topics such as oral hygiene practices, oral habits, 
and sugary drinks. Subject Headings (e.g., Medical Subject Headings-MESH) were employed, 
and the Boolean search strategy (“AND” and “OR” functions) was used to combine the 
keywords. The combinations of words were duplicated in each of the databases mentioned above 
(Appendix 1). A weekly notification was set in all seven databases to receive new published 
research on dental apps until December 2018. Then, all search results (1,499 articles) were 
exported to EndNote reference software version X8.2.  
Stage 3: Selection of Studies  
Screening and identification of articles followed the three steps of the PRISMA statement for 
systematic reviews (Moher et al. 2010). All research articles that described mobile dental apps 
were included following these eligibility criteria: (1) Full-text research studies on the assessment 
of oral health knowledge and behavior using mobile apps, (2) articles written in English 
language, (3) reported on either app development or testing, (4) the app focused on one of the 
following populations (the general public, dentists from all specialties, dental patients, 
researchers and dental students), and (5) ability to be implemented  on smartphones or tablet 
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devices (Table 2.2). The eligibility criteria mentioned were based on our study research 
questions, and some were adapted from Zapata et al., 2015 (Zapata et al. 2015). Applying these 
criteria and with consultation from the Research Advisor, the primary author excluded studies 
that did not meet inclusion criteria Figure 2, or classified them as ‘undecided’. For the undecided 
articles, the eligibility for inclusion was determined by review of the article by the research 
advisor and discussion between the Research Advisor and primary author.   
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Table 2. 2 Inclusion and exclusion criteria 
Inclusion Criteria Exclusion Criteria 
IC1. The study presented apps on assessing 
oral health knowledge, behavior and dental 
interventions as well as apps that were related 
to the field of dentistry (such as TMJ, 
Bruxism, Neoplasms, or Anatomy apps in 
dental education). 
EC1. Non-English articles. 
IC2. The paper focused on apps run on 
smartphones or tablet devices.   
EC2. The paper focused on Portable Digital 
Assistants PDAs such as Blackberry 
IC3.  The paper assessed apps for the public, 
dental patients, dental practitioners from 
various specialties, dental researchers, and 
dental students. 
EC3. The article focused on Text messaging 
SMS-based interventions with no mention of 
an app.  
IC4. The paper was published as a full article, 
not an abstract.   
EC4. The paper focused on mobile-optimized 
websites apps. 
IC5. “The paper presented empirical results 
from either program development (usability) 
or app testing.” 
EC5.  Any publication before 2000 since the 
first touchscreen phone was released in 2000 
(Lobo et al. 2011) 
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EC6. The paper was published after Dec 31, 
2018 
EC7. The article focused on a mobile phone 
device, peripheries, and accessories other than 
apps, such as the phone camera.   
EC8.  The paper focused on instant messaging 
service apps such as WhatsApp and WeChat 
apps.  
EC9.   The paper focused on non-dental apps 
regardless of their usage in dental settings 
such as a photo app used for a dental 
procedure.  
EC10. Non-research studies such as protocols, 
news, letters to editors, and product reviews.  
EC11. Medical and dental review studies. 
EC12. The paper focused on reviewing dental 
apps available in app stores. 
EC13. Papers with no presented empirical 
results.  
EC14. Papers not focused on assessing 
mobile apps, such as evaluating the usage of 
mobile phones instead of apps.  
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EndNote X8.2 software was used to identify duplicate studies following the three-step 
methodology by Bramer et al. (Bramer et al. 2016): (1) Changing the software’s field setting and 
installing an import filter, (2) Importing references from the selected databases, (3) Changing 
field preferences and Identifying duplicate studies (Bramer et al. 2016). After removing the 
duplicate articles (327 articles), screening of titles and abstracts for 1,172 research studies were 
conducted against the inclusion and exclusion criteria using Rayyan software (Ouzzani et al. 
2016). The author chose this software because of the user-friendly layout and the ability to label 
the articles. Also, because of its efficiency as a study found that reviewers using Rayyan 
software identified more than 85% of relevant articles early in the screening process compared 
with the traditional means such as using EndNote (Olofsson et al. 2017). The software used a 
text mining technology that examines the articles and highlights patterns and keywords to 
facilitate the manual screening process (Olofsson et al. 2017). The articles of our review were 
grouped into different categories such as inclusion and exclusion keywords, identified study 
topics, and year of publication. The primary author completed a 1.5-hour video training on using 
Rayyan software (Rayyan QCRI 2016) and conducted a systematic method for screening. The 
author manually screened titles and abstracts of studies highlighted first under exclusion (e.g., 
mouth, asthma) to edit the keywords. Then, screened all studies grouped under the inclusion 
category (e.g., mobile apps, oral health).  An average of 74 articles was screened per hour in our 
study compared to the reported median number of studies screened in previous research (68 
studies per hour) (Bramer et al. 2017). Majority of our research studies (77%) were excluded 
mainly because they were non-dental such as studies on medical conditions, medications, and 
telemedicine (Figure 2.1).   
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Figure 2. 1 Results of Titles and Abstracts Screening Using Rayaan Software 
A full-text screening of the relevant articles was then followed in ReadCube software program 
(260 studies). This is a research management software that facilitates the organization of studies 
into different folders within the program, and it includes features such as search, highlight, and 
note entry. Papers with non-smartphone app interventions such as text messaging (SMS) were 
excluded except for studies that have SMS as an added functionality with the app. Also, full 
article conference proceedings if found were included in our research for a comprehensive 
review (Table 2.2). All inclusion and exclusion decisions for the articles were recorded in an 
Excel spreadsheet.  Undecided articles were given to the research advisor for review and 
discussion about whether or not to include the article (26 studies). The final number of selected 




RESULTS OF INITIAL SCREENING 
Undecided articles Included articles Excluded articles
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Figure 2. 2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Flow Diagram for the Scoping Review Process; Modified for the Current Study 
(Moher et al. 2010) 
Stage 4: Coding the Data  
“Coding” was defined by “lifting,” or extracting key items of information from the “original 
context” (e.g. article) and sorting these data into specific categories that were based on specific 
themes or research questions (Ritchie and Spencer 1994). The data from the 38 articles were 
coded in this stage of our research. Extracted data were aligned with the key information in 
order to answer our review research questions (Table 1.1). From January to May 2019, the 
coding process was conducted by two coders who were dentists with a background in dental 
public 
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health (AQ and KR). The later coder was also a current clinical instructor at the dental clinics of 
Boston University. The first coding form was developed by the primary author and research 
advisor based on the research questions (Table 1.1), previous models (Borrelli et al. 2015). The 
coding form was modified through the multiple iterations of the coding process (Levac et al. 
2010). The final form included the following key categories: (1) study characteristics, (2) app 
characteristics, (3) sample characteristics of study participants if available, (4) study setting and 
outcomes, and (5) study summary description (Appendix 2).  
Coders reviewed the full-text articles and independently extracted data from each study into the 
coding form (Levac et al. 2010) with an average of 40-50 minutes per paper for each coder. The 
time duration extended to one hour and a half with article discussion. All articles were discussed 
by both coders to resolve any disagreements. In case of disagreements or uncertainty, the 
primary coder (AQ) referred to a pre-decided non-biased third party (advisor researcher) for the 
final decision. Prior to beginning coding, a comprehensive coding manual was developed on 
Borrelli et al.(Borrelli et al. 2015).  The coding manual was modified iteratively as needed. The 
manual included explanations and examples of the different coding variables to guide the coding 
process for the research team and ensure consistent coding and decision making (Appendix 3). 
The initial plan was for each coder to code half of the studies independently, after reaching a 
high inter-rater reliability (80% and above) on an initial sample of articles. After reaching 
satisfactory inter-rater reliability, the plan was for both coders to code the same article for every 
five articles that were independently coded, in order to ensure a consistent reliability and quality 
of our data. Although our first iteration of data coding for three studies yielded excellent inter-
rater reliability (0.82), the second and third coding iterations of six articles were of questionable 
reliability that would affect the quality of our data (0.53, and 0.68) (Figure 2.3). Due to the 
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heterogeneity of our sample and failure to establish consistent reliability, all remaining articles 
were coded collectively by both coders (AQ, and KR) then discussed with the research advisor to 
ensure the validity of results. Three studies were excluded during the coding process: because 
they have no empirical results (Figure 2.3). Data were coded from the included studies into a 
“coding form” in Word document. All coded data were then entered into Qualtrics online survey 
program to facilitate later analyses for our research.    
Figure 2. 3 The Process of Data Coding and the Reliability of Coders 
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Stage 5: Data Synthesis and Reporting the results 
Data Analysis Plan  
The analysis included descriptive statistics consisting of mostly frequency tables for the 
categorical variables and means and standard deviations for continuous variables. Study data was 
entered in Qualtrics Survey Software then exported to SPSS V25.0 and Excel V16.16.10 for 
analysis.  
Results 
Characteristics of Included Studies and Dental Apps Published in the Peer-Reviewed Literature
 After applying the eligibility criteria of our review, we identified 38 peer-reviewed studies on 
mobile dental apps. All studies were conducted in a single country except for one conducted in 
two countries (Zaror et al. 2018). This study evaluated the validity and usability of a surveillance 
app for traumatic dental injuries in Chile and Australia (Zaror et al. 2018). The majority of dental 
app research studies came from the United States of America (n = 8, 21.6%), followed by 
Australia (n = 5, 13.2%), India (n = 4, 10.5%), and Brazil (n = 4, 10.5%). Three studies were 
conducted in Saudi Arabia (n = 3, 7.9%), and the remaining articles were from these countries as 
illustrated in Table 2.3.  
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Table 2. 3 Countries of included studies publications 
Countries Frequency n (%) 
N=38  
USA 8 (21.1) 
Brazil 4 (10.5) 
India 4 (10.5) 
Australia 4 (10.5) 
Australia and Chile 1 (2.6) 
Saudi Arabia 3 (7.9) 
UK 2 (5.3) 
Turkey 2 (5.3) 
Taiwan 2 (5.3) 
Netherlands 2 (5.3) 
Switzerland 1 (2.6) 
Thailand 1 (2.6) 
New Zealand 1 (2.6) 
Kuwait 1 (2.6) 
Italy 1 (2.6) 
China 1 (2.6) 
The majority of the studies (n = 24, 63.2%) were cross-sectional followed by randomized 
controlled trials (n = 3, 7.9%). The remaining studies included one case-control (n = 1, 2.3%), 
and two from each of the following study design: cohort studies   (n = 2, 5.3%), case reports (n = 
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2, 5.3%), mixed methods (n = 2, 5.3%), qualitative research (n = 2, 5.3%), and proof of concept 
trials (n = 2, 5.3%). Over half of the included studies were published in dental journals (n = 22, 
57.9%) including the Dental Traumatology journal (n = 4, 10.5%). Approximately one-fourth (n 
= 9, 23.7%) of the studies were published in health informatics journals, mainly in Telemedicine 
journals (n = 5, 13.2%). The remaining studies were found in medical, healthcare, health 
education, and engineering journals (Table 2.4). The dates of publication ranged from 2013 to 
2018, with the majority published in 2018 (n = 18, 47.4%) (Figure 2.4) 
Table 2. 4 Study design of included articles 
Study Design Frequency n (%) 
N=38  
Cross-sectional 24 (63.2) 
Randomized controlled trials 3 (7.9) 
Proof of concept trials 2 (5.3) 
Cohort studies 2 (5.3) 
Case reports 2 (5.3) 
Qualitative research 2 (5.3) 
Mixed methods 2 (5.3) 
Case-control 1 (2.6) 
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Figure 2. 4 Timeline of Dental App Publications 
Only 29 studies reported the intervention setting (76.3%). Of these studies, the majority were 
conducted in school/college setting (n=19, 65.5%), followed by dental clinics (n=14, 48.3%). 
Other settings included the hospital (n=5, 17.2%), community centers (n=4, 13.8%), home (n=2, 
6.9%), public spaces (n=2, 6.9%), and online (n=1, 3.4%).  
Thirty-seven dental apps were identified across 38 papers. Of these papers, one study assessed 
the user preferences of four patient educational apps in dental prostheses (Bohn et al. 2018a). 
Two studies evaluated the same app, Dental Trauma App (Al-Musawi et al. 2017; Iskander et al. 
2016b). One assessed the effectiveness of the app in delivering information on trauma 
management to schoolteachers and compared it to traditional educational strategies (lectures) 
(Al-Musawi et al. 2017). The other study investigated the effectiveness of the app in comparison 
to a poster form to deliver dental emergency information among caregivers and evaluated users’ 
preferences in regards to the delivery methods (Iskander et al. 2016b). Moreover, four studies of 
our selected papers evaluated the same teledentistry app that was connected to Remote-i server to 
screen dental caries remotely (Estai et al. 2017b; Estai et al. 2016a; Estai et al. 2017c; Estai et al. 





















Number of Articles Published Over Time (N=38) 
27 
dental caries screening by dentists, mid-level dental providers (MLDPs), and evaluated users’ 
acceptance of this model (Estai et al. 2017b; Estai et al. 2016a; Estai et al. 2017c; Estai et al. 
2016c). 
The majority of the included studies evaluated final dental apps that were accessible to users (n = 
14, 36.8%), while (n = 6,15.8%) assessed prototypes of their apps. Ten papers (n = 10, 26.3%) 
conducted pilot testing to measure effectiveness, efficacy, or test the usability of dental apps. 
One paper evaluated the app in two phases: phase one used a prototype of their app and then 
adjustments were made for the second phase, which was a proof of concept pilot study (den Boer 
et al. 2018). The remaining papers did not specify the app development stage (n = 7, 18.4%). 
With regard to the device used, most of the published dental apps (n=37) were created for 
smartphones (n = 19, 51.4%); eight apps were created for tablet only (n = 8, 21.6%); another 
eight apps were created for both devices (n = 8, 21.6%); one app was developed for iPod 
(Machado et al. 2018); and one was unspecified. The majority of dental apps published in the 
literature were developed for the Google Android operating system (n = 13, 35.1%), while 
twelve apps were developed for the iOS operating system (n = 12, 32.4%). Seven apps were 
developed for both operating systems (n = 7, 18.9%), and five studies did not specify the system 
(n = 5, 13.5%). 
Twenty-eight studies reported the language of their dental apps (n=29 apps). Dental apps in the 
literature were mainly developed in the English language (n = 24, 82.8%) followed by Spanish (n 
= 4, 13.8%). One app, Oral Health Observatory, was created into two languages (the first phase 
was in English and the second was in Dutch) for a proof of concept study conducted in the 
Netherlands (den Boer et al. 2018). Another app, Dental Trauma, was developed in over 20 
languages to educate the community about managing dental emergencies (Al-Musawi et al. 
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2017; Iskander et al. 2016b). The remainder were created in Arabic, Portuguese, Dutch, 
Taiwanese, Chinese and French.  
Dental apps in the peer-reviewed literature discussed diverse oral health topics, with the majority 
focused on oral pathology (n = 14, 37.8%) (Figure 2.5) (Table 2.5, which includes caries, 
gingivitis, periodontitis, tissue injuries/lesions, cleft lip, and oral cancer). Oral hygiene behavior 
was the focus of 29.7% of the apps (n = 11) while was dental anatomy was the focus of 24.3% of 
the apps (n = 9). Oral hygiene behavior included oral hygiene index, brushing, and flossing. 
Dental anatomy included oral soft and hard tissue structures, tooth loss, masticatory 
performance, and oral health index. Approximately one-fifth of apps focused on oral health 
knowledge (n = 7, 18.9%) in order to educate patients and the community on infant and child 
oral health, tooth development, significance of deciduous teeth, bottle feeding, oral health 
consequences, prevention of habits that might lead to malocclusion, importance of dental visits, 
and pit and fissure sealants. The percent of apps that discussed dental treatment procedures was 
(n = 6, 16.2%). Content included educating patients about prosthodontic procedures, and helping 
them in treatment decision making for implants. 10.8% of the apps highlighted dental trauma 
topics, such as emergency management of dental injuries including avulsed teeth by dentists and 
the public, diagnosis of traumatic dental injuries, and reporting these incidents for surveillance 
and research purposes (n = 4, 10.8%). A small portion of dental apps (4 apps) focused on other 
dental topics as depicted in (Table 2.5). The data sum to greater than 100% because some apps 
targeted multiple content areas.  
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Table 2. 5 Oral health topics identified in dental mobile apps published in the peer 
reviewed literature 
App Content Frequency 
n (%) 
N=37 
Oral pathology 14 (37.8) 
Oral hygiene behavior 11 (29.7) ( 
Dental anatomy 9 (24.3) 
Oral health knowledge 7 (18.9) 
Dental treatment procedure  6 (16.2) 
Dental trauma 4 (10.8) 
Healthy eating 3 (8.1) 
Surgical 3 (8.1) 
Oral health survey 2 (5.4) 
Sugar sweetened beverages 2 (5.4) 
Orthodontics 2 (5.6) 
Other: cephalometric tracing, caries risk 
and diet assessment, dental appointment 
anticipation technique, bruxism  
4 (10.8) 
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Figure 2. 5 Oral Health Topics Identified in Mobile Dental Apps Published in the Peer 
Reviewed Literature 
Oral health topics and interventions were delivered to app users via different educational 
strategies. All published dental apps contained typed instructions or information on oral health 
except for 3 apps (n = 33, 89.2%). The percent of apps that contained photos and images for 
aesthetics, demonstration, or screening purposes was (n = 24, 64.9%). Eleven dental apps 
incorporated videos (n = 11, 29.7%), eight apps incorporated 2D/3D animation (n = 8, 21.6%), 
and seven apps incorporated audio (n = 7, 18.9%). Only six dental apps contained messages such 
as SMS and in-app messages (n=6,16.2%), and two apps each contained either a game or music 
(n = 1, 2.7%) (Table 2.6).  
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Table 2. 6 Educational strategies of mobile dental apps published in the peer reviewed 
literature 
App Educational Strategies Frequency 
n (%) 
N=37 
Text 33 (89.2) 
Photos/images 24 (64.9) 
Video 11 (29.7) 
2D/3D animation 8 (21.6) 
Audio 7 (18.9) 
Messages (SMS, in-app messages) 6 (16.2) 
Music 1 (2.7) 
Game 1 (2.7) 
Types of Mobile Dental Apps  
The majority of dental apps published in the peer-reviewed literature targeted health 
professionals including dentists/doctors (n = 20, 54%), and allied health personnel such as dental 
therapists, and hygienists (n = 5, 13.5%) (Table 2.7). Twelve dental apps were designed for the 
public (n =13, 35.1%) including community members such as a peer educator. Ten dental apps 
were designed for the patients including one app targeted the patient’s guardian (e.g., parent or 
caregiver) (n = 10, 27%). Only four dental apps were designed for dental students (n = 4,10.8%) 
(Table 2.7).  
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Table 2. 7 End users of mobile dental apps published in the peer reviewed literature 
App end-user Frequency n 
(%) 
N=37  
Dentists / Doctors  20 (54) 
Community/public 13 (35.1) 
Patients  10 (27) 
Allied Health Professionals 5 (13.5) 
Students  4 (10.8) 
Most dental apps were developed for screening and diagnostic purposes (n=15, 40.5%), followed 
by community oral health education (n = 9, 24.3%), and patient education (n = 10, 27%). The 
Venn diagram shows the overlap in purpose between apps (Figure 2.6).  For example, all of the 
apps focused on patient-provider communication also provided education (n = 6, 16.2%) such as 
dental apps that educate patients about implants (n = 1, 2.7%) (Canbazoglu et al. 2016a) and 
prosthodontic treatment (n = 4, 10.8%) (Bohn et al. 2018a). These dental apps facilitated the 
patient-dentist communication and helped patients in the decision-making process in a dental 
setting (Bohn et al. 2018b; Canbazoglu et al. 2016a). Another app facilitated the communication 
between patients with Autism Spectrum Disorders (ASD) and dentists by showing them pictures 
of the dental clinic such as a picture of the air/water syringe (Zink et al. 2018). In regards of 
community education dental apps, only one app focused on patient education (Figure 2.6). This 
app was about oral health promotion for preschool children that also have some components 
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executed in dental settings (Campos et al. 2018). The researcher evaluated if patients managed to 
perform the app activates (e.g., oral hygiene behavior) in the dental clinic (Campos et al. 2018).  
Figure 2. 6 Purpose of Mobile Dental Apps Published in the Peer Reviewed Literature 
A small proportion of screening and diagnosis apps were developed for research, practice 
management, dental education, and scheduling. One app, for example, was created for both 
screening and research purposes such as Oral Health Survey App (OHSMA) that aim at 
surveying the oral health of the community (Detsomboonrat and Pisarnturakit 2018). Screening 
and diagnostic apps may contain these three app functions: data collection, symptom tracking, 
and communication (Table 2.8). One example, a dental app that tracked and collected data on 
awake bruxism in real-time from young adults (Bracci et al. 2018). Another intersection of dental 
apps was between apps created for community education and an app designed for risk 
assessment. This app was purposefully developed to help community health workers in assessing 
children’ risk to early childhood caries (Chinn et al. 2013). All community and patient education 
apps (n = 19, 51.4%) except one (app connected with a toothbrush) contained educational 
materials (Table 2.8).  
Dental apps published in the literature contained different features that help users achieve the 
aimed purpose of the app (Table 2.8). For example, twenty dental apps included educational 
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materials to educate dental students, patients, and the public (n = 20, 54%). One app taught 
mothers about the dental caries process  (Chinn et al. 2013). Another app educated dental 
students on a prosthodontic treatment plan and the decision-making process (Deshp et al. 2017). 
The second highest in-app feature was data collection (n = 19, 51.4%,). Data collection was 
mainly incorporated into diagnostic and screening dental apps, brush monitors, survey apps, and 
dental procedure apps such as cleft surgery and cephalometric tracing. Some of these apps 
contained symptom tracking features (n = 9, 24.3%) to aid the screening and diagnosis of oral 
diseases such as oral cancer surveillance app (Birur et al. 2015). Symptoms tracked in this app 
included oral lesions such as mouth ulcer, swelling in the mouth or the neck, and difficulty 
opening the mouth (Birur et al. 2015). This type of dental apps also contained communication 
features (n = 9, 24.3%) to facilitate the diagnosis process; users can send dentists their oral 
photos through the app, write messages or emails about their symptoms and schedule 
appointment. Oral health promotion apps contained features that would help users set goals and 
reminders to practice oral hygiene behavior (Table 2.8). Reminder setting help users maintain 
their oral hygiene behavior such as toothbrushing and dental visits (n = 10, 27%). Dental apps 
that included toothbrush monitors (n = 3, 8.1%) help users record their toothbrushing behavior, 
and in some apps users can send their performance summary to dentists (McKenzie and Pretty 
2018). The performance report includes the toothbrushing frequency, duration, and zonal 
coverage (McKenzie and Pretty 2018). Other functionality features found in dental apps in the 
literature were: clinical decision tool, assessment of variance of hue, peer support, game, and 
social rewards (Table 2.8).  
35 
Table 2. 8 Features of mobile dental apps published in the peer reviewed literature 
Features of Dental Apps Frequency n (%) 
N=37   
Education material 20 (54) 
Data collection 19 (51.4) 
Reminder setting 10 (27) 
Communication 9 (24.3) 
Symptom tracking 9 (24.3) 
Goal setting 4 (10.8) 
Toothbrush monitor 3 (8.1) 
Calendar 2 (5.4) 
Toothbrush timer  2 (5.4) 
Other (clinical decision 
support tool, peer support, 
game, social reward, 
assessment of variance of 
hue)   5 (13.5) 
App Development Methodology  
The process of app development is critical for the success of mobile apps to ensure user-
engagement, and effectiveness (Scheerman et al. 2018b). The percentage of published papers 
that discussed different methodologies for app development is (n=13, 34.2%) (Table 2.9). 
Methodologies ranged from developing a simple structured app that integrate the user 
information and usage context into the app layout and functions (Canbazoglu et al. 2016a), to 
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utilizing advanced techniques such as pre-trained machine learning models in two of our studies 
(5.3%) (Hu et al. 2016; Ouyang et al. 2017). One of these advanced apps monitored tooth 
brushing by analyzing digital data received from a connected wearable device (Ouyang et al. 
2017) and the other app analyze the tongue images after color correction to monitor the user’s 
health (Hu et al. 2016). 
Some of the reviewed development methodologies of dental apps followed user-centered design 
principles. The ISO 9241-210 defines user-centered design as “an approach to systems design 
and development that aims to make interactive systems more usable by focusing on the use of the 
system and applying human factors/ergonomics and usability knowledge and techniques” (I.S. 
Organization 2008). It is an iterative approach that involves the user in the different stages of the 
development process (I.S. Organization 2008). User characteristics are compiled early in the app 
development process (I.S. Organization 2008). The user-centered design process includes five 
phases which are the followings: identify the usage context, determine the requirements that 
meet the user needs, design solution prototypes to meet the user requirements, evaluate the 
solution design in alignment with the requirements, produce a solution that meets the user 
requirements (Das and Svanaes 2013).  
Five studies of our review followed the user-centered design principles to develop dental apps 
(Canbazoglu et al. 2016b; Lin et al. 2014b; Nolen et al. 2018; Scheerman et al. 2018b; Stein et 
al. 2016a). Some of these studies stated their use of this methodology, and others were following 
the principles without mentioning “user-centered design” (Table 2.9). In these studies, user-
centered design begins with the consideration of the needs of users and identifying their 
characteristics (e.g., oral health behavior) via qualitative approaches such as focus groups and 
interview. Then, apps’ functions and features are specified according to the findings of the first 
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phase. Following that, app prototypes are designed, and iterative testing and evaluation of apps 
are conducted with the users to ensure user acceptance and usability  (Canbazoglu et al. 2016b; 
Lin et al. 2014b; Nolen et al. 2018; Scheerman et al. 2018b; Stein et al. 2016a). 
  Only two apps out of 37 apps used theories as a foundation for their content (Nolen et al. 2018; 
Scheerman et al. 2018b). One app used both the behavioral intervention technology (BIT) model, 
and the theory of planned behavior (TPB). The other app used health action process approach 
(HAPA) theory (Nolen et al. 2018; Scheerman et al. 2018b). The health action process approach 
(HAPA) theory or the “self-regulation” theory constitutes of two phases: the motivational phase 
where the individual intentions are formed, and the volitional stage where the transformation of 
intentions into actions take place (Schwarzer 2008). HAPA theory was used by Sheerman et al. 
(Scheerman et al. 2018a) as one of the steps of the intervention mapping approach which is a 
protocol to develop successful behavior change intervention (Bartholomew LK et al. 2016). The 
researcher used the HAPA theory to define the dental app performance and change objectives, 
and this helped the planning team to identify many behavior-change techniques that were 
integrated later into the app design such as including brushing timers to promote good oral 
hygiene (Scheerman et al. 2018a). Applying behavioral theories help planners to define and 
understand the nature of the targeted behavior problem, design an intervention using the 
appropriate methods, and identify which outcomes to use for evaluation of the program (U.S. 
Department of Health and Human Services 2005). The inclusion of behavior theories lead to 
effective and successful behavior change solutions and health promotion interventions (U.S. 
Department of Health and Human Services 2005).  
Two apps were developed as a part of a program such as school-based model (Marchetti et al. 
2018a) and hub-and-node model (Birur et al. 2015) as illustrated in Table 2.9.  
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Table 2. 9 development methodologies of dental apps published in the peer-reviewed 
literature 









children’s book flux 
design (i.e., digital 
educational game) 
• Selection of target users
• Selection of oral health topics
according to Brazil’s Ministry
of Health guidelines.
• App interface conception,
ideation and execution based
on the methodology of
interactive kids book flux
design












• The app was designed as a
clinical decision support tool
for dental trauma cases.





decision trees to guide the 
decision-making process of 
the user. 
• The app content was based on
evidence-based guidelines.
• The app was designed with a:
1) Simple interface: short
question prompts, and
Yes/No response options.
2) Interactive step- by step
guide:
3) Graphic user interface:
colored images
• App prototype testing was






School-based model • Mobile app content was based
on the school’s educational





• 60 in-app messages were
developed in a written text and
1-minute video-format
• Messages were promoted via
the app’s notification bar, and
the phone’s vibration and tone
were activated each time the
message was received
• This open-source app was
implemented along with the
school’s oral health
educational activities to
reinforce their content among
participants.










model and the 
Theory of Planned 
Behavior (TPB) 
• An interdisciplinary team
planned the development of a
mobile app based on the
Behavioral Intervention
Technology Model
• App prototype design:






Strategies (DIS) of the
TPB theory were fulfilled
by integrating the




o features were designed to
help users achieve the
clinical and usage aims
o the app’s workflow was
user-centered designed
(personalized according to
the user’s oral health
status)
• App prototype usability
testing
(Scheerman 






and health action 
process approach 
(HAPA) theory 
• App development was planned







• An intervention mapping
protocol was followed which
included these steps:





analyzed based on the
HAPA theory.
2. Identification of app
outcomes and objectives






5. App implementation plan
6. Evaluation plan.




Article followed a 
systematic approach 
of app development  






• App development steps
included:






findings into the app
o Implementation and
field test to test the
usefulness and






learning model  
• Data collection: toothbrushing
sound signals were collected
via earphone and throat
microphone (wearable device)
• Feature extraction: acoustic
features such as features from
time and frequency domains
of each toothbrushing event
were extracted
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• Training different machine
learning models with extracted
features
• Selection of feature-model
combination that accurately
detected the brushing surface
in real-time





testing and a 
universal app 
design  
• Iterative app development and
consulting cleft experts: five
app prototypes were
developed, and two bet-test
app trials were conducted.
• Universal design was adapted
for developing the app’s
schematic and data collection
screens.
• Prototypes were developed to
improve the following:
o Clarity of user interface:
data entry followed the
sequence of the cleft
surgery procedure
o Ease of use of data entry
45 
o Consistency of captured 
images  
o Efficiency to upload/ 
download and backup cleft 
data.  
o Reproducibility of data 
collection to standardize 
the data.   
(Canbazoglu 








• Determine the users and usage 
context 
• Identify the functional and 
business requirements 
• Design the system from rough 
concepts 
• Evaluation 












• To accurately examine the 
tongue, the app was designed 
with the following 
components:  
1) Tongue photo taking guide  





4) Tongue image diagnosis
• This automatic diagnostic
framework is connected with a
cloud server for analyzing data
of captured tongue images.
• The system contained pre-
trained algorithms for
estimation of different lighting
conditions, correction of
tongue colors, and detection of
the tongue features (fur and
fissure).
















based on the hub-
and-node model 
• A mobile app with a clinical
decision algorithm was
developed as an integrated
part of the cancer surveillance
mHealth system
47 
• The system run by the nodal
centers (dental clinics and
primary health centers) and
hub center (tertiary cancer
center)
• Patient data including
symptoms and lesion images
were captured at nodal centers
via an open source app (Sana)




monitoring by the Hub center.
(Lin et al. 
2014b) 






based on a 
telemedicine 
technology. 




• App development stages
included:
o System analysis to identify
existing problems in dental
clinics
48 
o Prototyping the cloud
system based on the
problem analysis findings




o App evaluation via
surveying and
interviewing users
• The app should be connected
and supported by a cloud
server to provide patients with







App Clinical Guidelines   
Out of 37 dental apps published in the peer-reviewed literature, 36.8% (n= 14) were based on 
clinical guidelines (Figure 2.7). Guidelines inform the content and format of dental apps that 
help users achieve the purpose of these apps (Table 2.10 and Table 2.11). The information and 
protocol of mobile apps on dental trauma diagnosis and management were based on International 
Association of Dental Traumatology (IADT) guidelines (Andersson et al. 2012; Diangelis et al. 
2012; International Association for Dental Traumatology ; Malmgren et al. 2016). The format of 
a surveillance app for dental traumatology was guided by The Centers for Disease Control and 
Prevention’s Minimum Essential Data Set for oro-dental trauma (German et al. 2001). Apps on 
oral health promotion and prevention of caries for children were based on American Academy of 
Pediatric Dentistry (AAPD), American Dental Association (ADA), and Basic Attention Oral 
Health Guidelines of the Ministry of Health in Brazil (American  Academy  of  Pediatric  
Dentistry 2013; Hale 2003; Malmgren et al. 2016; Ramos-Gomez et al. 2007). A caries risk 
assessment app for children of underserved communities was based on the American Dental 
Association (ADA). An app promoting oral health among orthodontic patients was based on 
American Academy of Pediatric Dentistry (AAPD) (Geiger et al. 1992; Kerbusch AEG et al. 
2010; Touger-Decker R and van Loveren C 2003). Another app promoted oral hygiene behavior 
among general users was based on Public Health England (PHE) guidelines. Teledental mobile 
and oral health survey application forms including assessment charts, screening forms, and 
surveys were based on a protocol by the World Oral Health Organization (WHO) guidelines.  
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Figure 2. 7 Percentage of Mobile Dental Apps Based on Clinical Guidelines N=37 
Table 2. 10 Clinical guidelines of mobile dental apps in the literature  
Clinical Guidelines   No of apps (%) Source (studies) 
Academic Centre for Dentistry 
Amsterdam 
1 (2.7) (Scheerman et al. 2018a) 
American Academy of Pediatric 
Dentistry (AAPD) 
3 (8.1) (AlKlayb et al. 2017), (Chinn et 
al. 2013), (Machado et al. 2018) 
World Oral Health Organization (WHO) 4 (10.8) (Birur et al. 2015), (Estai et al. 
2016c), (den Boer et al. 2018), 
(Detsomboonrat and 
Pisarnturakit 2018) 
Basic Attention Oral Health Guidelines 
of the Ministry of Health in Brazil 
1 (2.7) (Campos et al. 2018) 
(36.8%)
(61%)
Clinical Guidelines No Clinical Guidelines
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American Dental Association (ADA) 2 (5.4) (Chinn et al. 2013), (Nolen et 
al. 2018) 
International Association of Dental 
Traumatology (IADT) 
3 (8.1) (Machado et al. 2018), 
(Iskander et al. 2016b), (Mohan 
et al. 2018) 
The Centers for Disease Control and 
Prevention’s Minimum Essential Data 
Set for oro-dental trauma.  
1 (2.7) (Zaror et al. 2018) 
Public Health England (PHE) 1 (2.7) (Underwood et al. 2015) 
Total of apps based on clinical 
guidelines  
14 (36.8) 
Studies based on 2 Clinical Guidelines  n (%) Source 
American Dental Association (ADA) 
and American Academy of Pediatric 
Dentistry (AAPD) 
1 (2.7) (Chinn et al. 2013) 
American Academy of Pediatric 
Dentistry (AAPD) and International 
Association of Dental Traumatology 
(IADT) 
1 (2.7) (Machado et al. 2018) 
52 
Table 2. 11 Definition and elements of clinical guidelines of published dental apps 
Clinical Guidelines Definition and Elements 
International Association of 
Dental Traumatology (IADT) 
Andreasen’s classification for treatment plan and prognosis 
of traumatic teeth 
IADT guidelines for management of dental trauma  
American Academy of 
Pediatric Dentistry (AAPD) 
Guidelines and measures for assessing the risk of caries 
among children   
Management of traumatic injuries for primary teeth  
Oral health care recommendations for children  
Academic Centre for Dentistry 
Amsterdam 
Oral health recommendations for orthodontic patients:  
Follow the five-step method of toothbrushing for the duration 
of 3 minutes twice daily 
Use dental aids 
Use fluoridated mouth rinse and toothpaste daily 
Limit sugar intake in foods and drinks.  
Basic Attention Oral Health 
Guidelines of the Ministry of 
Health in Brazil 
The guidelines discussed the following oral health topics:  
“dental caries, healthy diet, cariogenic diet, oral hygiene, 
bottle feeding, the relationship   between   deciduous   and   
permanent teeth, and prejudicial habits related to 
malocclusion.” 
American Dental Association 
(ADA) 
Guidelines on the following topics:  
Information on primary teeth 
Oral health care for infants and children 
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Oral health nutrition 
The role of family and parents in maintaining children habits 
Dental visits 
The Centers for Disease 
Control and Prevention’s 
Minimum Essential Data Set 
for oro-dental trauma.  
Guidelines on data collection of dental trauma cases 
World Oral Health 
Organization (WHO) 
Guidelines on data collection for oral health surveys 
Public Health England (PHE) Guidelines on prevention of dental caries and periodontal 
diseases.  
Sample Characteristics  
All studies mentioned the demographic characteristics except one was not applicable where the 
sample was the number of injured teeth, not people (Mohan et al. 2018). The sample who only 
participated in dental app development, testing and evaluation across the review studies were 
calculated into our analyses. The median number of participants across our included articles was 
58. The number ranged from 6 to 1926 participants in our review. Only 26 studies reported the 
gender of the participants (n = 26, 68.4%). Of these studies, the median number of females was 
27, whereas the median number of male 19. Seventeen studies reported the mean age of the 
participants (n = 17, 44.7%). The mean age of participants was 27 (SD= 12.2) years old, and the 
mean SD was 4.2 (SD= 5.2).   
Of the nine studies reporting ethnicity (472 participants), 99 were White, 54 were Black, 35 
Latina, 2 Hispanic (not specified), Two were Asian, 54 were of mixed ethnicities, and 226 were 
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from other ethnicities such as Aboriginal, non-indigenous, and non-Hispanic ethnicities. Only 
fourteen studies reported the highest degree of education attained when the study was conducted 
(1,631 participants): 148 had less than high school degree, 193 completed high school degree 
(GED), 17 obtained an associate vocational degree, 613 received a bachelor degree, 612 attained 
a graduate/ professional degree, five preferred not to answer, and 43 were pre-school children. 
Only two studies reported whether or not users had insurance (103 participants), and the type of 
insurance was not specified. The reported insurance was as follows: 60 users had private 
insurance, 30 users had public/government insurance, ten had no coverage, and three preferred 
not to answer.   
Studies Outcomes  
Studies examined varied outcomes: nine studies assessed the knowledge of app users (23.7%); 
six evaluated user acceptance (15.8%); nine evaluated user perception (23.7%); eight examined 
user satisfaction (21.1%); seven assessed user attitudes (18.4%); and three assessed user 
preferences (7.9%).  Sixteen studies tested the clinical outcomes of using dental apps (42.1%). 
The findings included the accuracy of app diagnosis, sensitivity, specificity, validity, and 
reliability. Three studies assessed oral health indexes (cephalometric measures, gingival bleeding 
index, plaque index, and oral hygiene index) (7.9%). Two studies assessed oral health behavior 
such as oral self-care, brushing frequency, duration, and the surface of coverage (5.3%). Twelve 
studies investigated app usability (31.6%). 
App Effectiveness and Efficacy  
Twenty-three studies (60.5%) evaluated the efficacy of dental apps. Five studies (13.2%) 
assessed the sensitivity and specificity of dental apps to remotely screen for oral cancer and 
dental caries (by mid-level dental providers or dentists) in comparison to traditional face-to-face 
examination (by oncology specialists or dentists) (Bonan et al. 2017; Estai et al. 2016a; Estai et 
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al. 2017c; Estai et al. 2016c; Uthoff et al. 2018) (Table 2.12). Two studies (5.3%) assessed the 
diagnostic accuracy of dental apps. One compared an app’s screening accuracy of oral cancer by 
remote dentists and healthcare workers with a traditional screening by a specialist (Birur et al. 
2015). The other study evaluated the diagnostic accuracy of a traumatic injury app with 
conventional diagnostic methods (Mohan et al. 2018). Our review also included a study that 
assessed the accuracy of a dental app to determine the masticatory function of a user (chewing) 
by comparing the app to a validated software (Buser et al. 2018).  
Six studies assessed the effectiveness of dental apps to deliver oral health knowledge (n= 6, 
15.8%). Two of them compared dental apps to print forms of information (n = 2, 5.3%) (Iskander 
et al. 2016b; Machado et al. 2018); and two compared a dental app to different educational 
interventions such as lectures (Al-Musawi et al. 2017; Marchetti et al. 2018a). The later study by 
Al-Musawi et al. along with another two research articles measured oral health knowledge before 
and after using dental apps (n = 3, 7.89%) (Al-Musawi et al. 2017; AlKlayb et al. 2017; Alqarni 
et al. 2018).  
Studies also assessed the effect of a dental app to improve oral hygiene behavior by comparing 
the app to verbal oral hygiene instructions (Alkadhi et al. 2017b). They also assessed the impact 
of a dental app to improve users’ knowledge and oral health status (oral indexes) by comparing 
the app to conventional educational methods including oral or video orientation (Marchetti et al. 
2018a). Other assessments included evaluating the effect of an app to deliver dental education 
information to users by comparing it to voice and print instructions (Pulijala et al. 2016). Studies 
also looked at the effect of a dental app on users’ clinical reasoning skills in planning dental 
procedures by testing users’ skills capacity before and after using the app (Deshp et al. 2017). 
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Studies assessed the reliability, performance and duration of a dental app for tracing orthodontic 
cases in comparison with manual tracing (Sayar and Kilinc 2017). The studies also evaluated the 
impact of a dental app to facilitate patient-dentist communication via comparison with traditional 
methods such as the Picture Exchange Communication System in case of patients with Autism 
(Zink et al. 2018). In a research context, one of the included studies assessed the effectiveness of 
an app to collect standardize oral health data by comparing its results with previously published 
surveys. (den Boer et al. 2018). Another study assessed the effectiveness of another data 
collection app by evaluating its accuracy and task completion by junior users in comparison to 
senior users (Yao et al. 2017).  
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Table 2. 12 Accuracy and reliability of teledental screening and traditional oral screening. 
Study Sensitivity 
(%) 
Specificity (%) Kappa 
(Estai et al. 2016c) Gold standard vs off-
site dentist 
57 100 0.70 
(Estai et al. 2016a) Benmark vs Screener 
(MLDP)  
61* 97.5* 0.59* 
(Bonan et al. 
2017) 
Gold standard vs 
trained examiner 
91 90.5 0.60 
(Estai et al. 2017c) Benchmark face-to-
face vs off site dentists 
62* 98* 0.60 
(Uthoff et al. 
2018) 
Gold standard vs 
remote specialist 
diagnosis  
93 87 ---- 
Gold standard vs the 
CNN§ 
85 89 ---- 
*An average was calculated for two screeners.
§pre-trained convolutional neural network (deep-learning tool)
In three of the studies that evaluated the sensitivity and specificity of apps, dental assistants 
(dental students) captured the intra-oral images of patients then uploaded them to a cloud server 
to be screened by off-site screeners who were dentists and midlevel dental providers (Estai et al. 
2016a; Estai et al. 2017c; Estai et al. 2016c). The different scores of sensitivity and specificity 
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were due to what was measured while screening. The remote screener calculated only the 
presence of caries but not the missed and filled teeth in images. Also, the quality of captured 
images as some photos was out of focus and were taken in poor lighting conditions (Estai et al. 
2016a; Estai et al. 2017c; Estai et al. 2016c). The agreement was moderate between the gold 
standard and the teledentistry screening across the teledentistry studies as shown in (Table 2.12) 
(Estai et al. 2016a; Estai et al. 2017c; Estai et al. 2016c). To improve the accuracy of remote 
screening, one app included a video recording function along with taking pictures to screen for 
oral cancer (Bonan et al. 2017). Another study included an advanced technology feature (a deep 
learning tool) that enabled the analysis of collected data and provided screeners with a 
classification for captured oral cancer conditions (Uthoff et al. 2018). The app showed a 
promising and a valid tool for early diagnosis of oral cancer (Bonan et al. 2017; Uthoff et al. 
2018), and screening of dental caries (Estai et al. 2016a; Estai et al. 2017c; Estai et al. 2016c). 
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difference in most 
cleft data between 
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*CNN: a deep learning tool that does image analysis and classification of oral lesions (Uthoff et 
al. 2018)
App Usability: Testing And Tools  
Usability means how effective, efficient, and satisfied users are with accomplishing tasks using 
the mobile app (Schoeffel 2003). Fifteen peer-reviewed studies (39.5%) tested the usability of 
the apps including satisfaction (Table 2.14). The methodology varied by using either qualitative 
or quantitative techniques or using both approaches for app usability. Qualitative tests include 
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the followings: cognitive walkthrough where the evaluator walk the user through series of tasks 
and ask questions to assess the learnability of users (Stein et al. 2016b), heuristic evaluation 
where the app user interface is assessed in alignment with Jakob Nelson design principles 
(Nielsen J 1994), task completion analysis where users are given series of tasks to test their 
experiences with app functionality (Nolen et al. 2018), retrospective think aloud where users are 
encouraged to verbalize the usability problems they encountered while navigating and 
performing the app tasks  (Stein et al. 2016b), and design workshop where users discuss app 
tasks in a recorded session to contribute to the app design (Canbazoglu et al. 2016a). 
Quantitative tests include surveys that measure user satisfaction with different components of 
apps such as learnability, layout and information.  
Usability was tested early in the process of app development, in the prototype stage of the app (n 
= 4, 10.5%), as a pilot study (n = 4, 10.5%), or for the final version of the app (n = 3, 7.89%). 
Quantitative tests used in our sample were general surveys (n=10, 26.3%), System Usability 
Scale (SUS) (n = 2, 5.3%), and Questionnaire for User Interaction Satisfaction (QUIS) (n = 1, 
2.6%), and Single Ease Question SEQ (n=1,2.6%). Surveys can be used alone or combined with 
other tests later in the sequence of used techniques. Qualitative methods to test usability in our 
studies included the following: interviews (n = 4, 10.5%), cognitive walkthrough (n = 2, 5.3%), 
heuristic evaluation (n = 2, 5.3%), time task completion analysis (n = 2, 5.3%), retrospective 
think aloud (n = 2, 5.3%), design workshop (n = 1, 2.6%), task analysis (n=1, 2.6%), and 
usability testing (n = 4, 10.5%). Usability elements consisted of effectiveness, efficiency, and 
satisfaction. Each defined by Campos et al. as the following: a user can easily understand the app 
interface (effectiveness), easily navigate the app (efficiency) and perceive the app as user-
friendly (satisfaction)  (Campos et al. 2018).  
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Usability was tested with developers who designed the app in the early stages of app 
development, tested with the end users of the app, or tested by both parties in our review. The 
end users in these usability testing studies varied according to the purpose of the app. Users 
included community, patients, students, or professionals such as dentists. Only three studies 
involved the developers along with the users to test the app (7.89%).  
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Table 2. 14 Usability tests and tools of dental apps published in the peer-reviewed literature 
Source App evaluated by Usability Tests and Tools   
(Scheerman et al. 
2018a) 
Users: planners  
and adolescents 
Methods: usability testing¥, survey§ and 
System Usability Scale (SUS)§ 
Measurement: SUS score 
Outcomes: system errors, perceived 
usefulness, attractiveness, ease of use, s 
usability and acceptability 
(Stein et al. 2016b) Users, developers and 
software engineers  
Methods: 
o Usability methods¥: cognitive
walkthrough, and heuristic evaluation
o Formative evaluation via usability
testing¥: time task completion analysis,
and retrospective think aloud
o Questionnaire for User Interaction
Satisfaction (QUIS)§
Measurement: average completion time, 
severity level of violations (disagreement 
with heuristics principles), satisfaction 
score 
Outcomes: usability problems, heuristic 
violations (disagreements), design issues 
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(interface), user experiences, and 
satisfaction 
 (Campos et al. 
2018) 
Developers and Users 
(pre-school students (3-
5years)) 
Methods: usability testing (observation) ¥ 
and satisfaction interview surveying 
techniques¥ 
Measurement: user’s success rate 
Outcomes: user acceptance, usability 
(effectiveness, efficiency, and satisfaction 
tests) 
(Canbazoglu et al. 
2016a) 
Users: dentists Methods:  
Usability methods¥: cognitive walkthrough 
Survey§, design workshop¥ 
Formative evaluation¥: task analysis 
Measurement: score 
Outcomes:  User satisfaction, perceived 
ease of use, and perceived usefulness 
(Chinn et al. 2013) Users: Mothers and 
community health 
workers  
Methods: survey§, focus group interviews¥ 
Measurement: score  
Outcomes: acceptance, ease of use, 
usefulness, and usability 
(Deshp et al. 2017) Users: dental students  Methods: survey about app design§ 
Measurement: score  
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Outcomes: usability, ease of use, 
appropriateness of app content, 
understandability and the appropriateness 
of its content 
(Nolen et al. 2018) Users: parents/caregivers  Methods:  
Formative evaluation tests¥: task 
completion and think aloud (audio and 
video recorded)  
Survey based on Jakob Nielsen’s (JN) 
general§ principles for interaction design 
(Nielsen J 1994) and TPB intervention 
strategies§ 
Measurement: usability mean score and 
perception score of Theory of Planned 
Behavior strategies, average completion 
time, Net Promoter Score, and template 
approach,  
Outcomes: user satisfaction and perception 
of the app’s interactive design quality and 
performance (JN and TPB principles), 
intention to recommend the app 
(Machado et al. 
2018) 
Users: dental students 
and pediatric dentists  
Methods: survey§ 
Measurement: average completion time. 
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Outcomes: ease of use, helpfulness of the 
tool, and satisfaction  
(Yao et al. 2017) Users: junior and senior 
surgeons  
Methods: interviews¥  
Measurement: average completion time. 
Outcomes: accuracy and completeness of a 
data collection task   
(den Boer et al. 
2018) 
Users: dentists Methods: interviews¥ 
Measurement:  
Outcomes:  user-friendliness, user 





Users: dental students Methods: survey§ 
Measurement: score  
Outcomes:  user satisfaction 
(Lin et al. 2014b) Users: patients and 
dentists  
Methods: survey§ and interviews¥  
Measurement: score  
Outcomes: user satisfaction, usefulness, 
user experience, and app efficiency  
(Zaror et al. 2018) developers and users: 
(laypeople, dentists and 
health personnel) 
Methods:  
Design evaluation: heuristics evaluation¥ 
Usability (effectiveness, efficiency, and 
satisfaction tests) ¥ 
87 
Survey: Single Ease Question SEQ§ and the 
System Usability Scale SUS§ 
Measurement: score, completion rate, 
average completion time  
Outcomes:  satisfaction, utility and 
recommendations for app improvement. 
(Estai et al. 2017b) Users: dental assistants 




Measurement: average completion time. 
Outcomes: usefulness, satisfaction, and 
user acceptance, system quality (content, 
format, information quality (accuracy), 
ease of use, and support.   
(Iskander et al. 
2016b) 
Users: caregivers Method: survey§ 
Outcomes: user preference, usability and 





Mobile apps provide promising interventions to promote health and wellbeing among the 
population due to their portability and accessibility. The scope of medical apps is well-defined 
and comprehensively studied in the literature compared to dental apps. The literature on dental 
apps has not been evaluated. This scoping review aimed to identify mobile dental apps that are 
published in the peer-reviewed literature. Specifically, our review describes the type of apps and 
characteristics, the methods of development and usability testing. Our review also describes the 
efficacy of the apps in promoting oral health knowledge and behavior change. The knowledge 
gained from our review has the potential to help dentists identify apps for their patients. and aid 
them in their recommendations to patients. Our review is the first to comprehensively examine 
dental apps in the published literature, and has the potential to contribute to future research on 
dental apps.  
We found that dental apps published in the literature were developed for variety purposes 
including oral health promotion and education for patients and the public, communication 
between patients and providers, toothbrushing monitoring, education on management of dental 
conditions and planning treatment procedures, and screening and diagnosis functions that enable 
health professionals to monitor patients’ oral diseases. The purpose of dental apps discussed in 
the literature was similar to the focus medical apps such as patient-provider interaction, health 
promotion and education on general conditions, and monitoring health condition using wearable 
devices (Olla and Shimskey 2015).  
Our review found that dental apps targeted a variety of groups, such as dentists, allied health 
professionals (e.g., hygienists), dental students, patients, and the general public. These apps 
targeted either one user or many users, and employed different functionality features to help 
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users achieve the purpose of apps. Our findings found an increased trend of publications on 
dental apps during the last five years and especially in 2018, where most significant number of 
studies were published. The content of dental apps varied from general oral health to specific 
dental topics such as cleft lip.  
More than half of our review studies assessed the effectiveness of dental apps. Researchers 
evaluated the efficacy of twenty-three apps on oral health knowledge, behavior, and assessed the 
effectiveness of newly implemented technologies such as using machine learning models for 
diagnosis. Five studies evaluated the efficacy of diagnostic and teledental apps by measuring 
their sensitivity, specificity, and accuracy of screening in comparison to face-to-face 
examination. The identified high sensitivity rating for teledental apps are promising as this could 
result in early detection and diagnosis or oral lesions including oral cancer. Thus, aid in early 
management of these conditions (Uthoff et al. 2018). The same for dental caries although the 
sensitivity of their apps were moderate compared to face-to-face examination.  The use of 
teledental apps may have a great impact in rural areas and underserved communities where the 
number of where the doctor-patient ratio is very low. (Uthoff et al. 2018).  
We found that dental apps can increase the efficiency of remote oral care by dentists especially 
in underserved communities. Dental apps were used by dentists, frontline health care workers, 
and dentists to remotely screen for oral cancer and dental caries. (Birur et al. 2015). As one of 
the included studies showed a large difference of the number of interpretable images taken by 
health care workers (n=51, 61.5%) compared to images taken by dentists (n=106, 100%). 
Another difference was found in the accuracy of lesion detection between these two groups.  
Dental apps can offer a valid, reliable, and a cost-saving screening alternative to traditional 
examination specially to serve underserved communities in rural areas. However, to achieve 
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these outcomes, entities implementing a mobile-based screening programs should train their 
personnel to accurately capture oral images by smartphone, and detect oral lesions (Bonan et al. 
2017). Training is essential as one study found an association between poor quality intra- oral 
images and suboptimal specificity and sensitivity ratings for dental apps (Estai et al. 2016c). 
Dental and health personal should consider a good lighting conditions to take interpretable 
images for patients that would aid in diagnosing their conditions (Estai et al. 2016c).  
Studies also looked at the effectiveness of diagnostic and screening apps by measuring their 
sensitivity and specificity. These apps can offer a valid, reliable, and a cost-saving screening 
alternative to traditional examination specially to serve underserved communities in rural areas.  
For app effectiveness research, still there are no studies that assess the effectiveness of each 
component of dental apps. Therefore, it is unclear which components of a multi-component app 
are responsible for health behavior change.  For instance, the effect of brush monitors and 
timers’ functionality in improving oral hygiene of users. Also, the effect of data collection, 
symptom tracking, and feedback in increasing users’ self-monitoring and awareness behaviors. 
For example, are users more likely to change their behavior when they know the progress of their 
oral hygiene performance. Other app components that need further assessment are the 
educational strategies. This include in-app messages, videos, audio, photos and 2D and 3D 
animation. Many research studies exist on the effect of text messaging in oral health promotion, 
and showed their impact to improve people’s knowledge and oral hygiene  behavior (Toniazzo et 
al. 2019). Investigations are needed to know whether the impact of in-app messaging on oral 
health knowledge and behavior is similar to the impact of text messaging or not, and which 
would be more beneficial to people. Only one study was identified in our review that assessed 
the effect of in-app messages (i.e., in-app notifications) to remind orthodontic patients to perform 
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daily oral hygiene practices. Although the study showed a significant reduction in oral health 
indices among patients who used the app compared to no app group, the study was conducted 
over a very short duration and patients were not blinded to oral health instructions that can be 
received from any other resource than the app.    
To have engaging and effective dental apps, attention should be made on the app development 
process (Scheerman et al. 2018b). Only thirteen studies in our review discussed app development 
and less than five studies used either theory or user-centered design principles to develop dental 
apps. Inclusion of theories would lead to effective health promotion interventions (U.S. 
Department of Health and Human Services 2005). A recent clinical trial on dental app 
effectiveness was published (Scheerman et al. 2019). This was a continuation of a dental app 
study in our review that used Health Action Process Approach Theory (HAPA) to aid in the 
development of an oral health promotion app for orthodontic patients (Scheerman et al. 2019). 
The trial showed that the use of the theory-based dental app significantly improved the oral 
hygiene of orthodontic patients (the gingival bleeding, plaque accumulation, and the number of 
sites covered with plaque were significantly reduced than the control group who have no access 
to the app) (Scheerman et al. 2019). For future dental app development, it is important to include 
theories in the design process as this shown to ensure app effectiveness. Implementing theories 
in dental apps help developers and dentists understand the targeted behavior they plan to improve 
among users. The use of theories helps in the early stages of app development as it would inform 
the design of different app components. Thus helps in the evaluation stage where developers can 
assess the impact and usability of each of these components for mobile apps. One app in our 
review, ToothSense incorporated the elements of the Behavioral Intervention Technology (BIT) 
model that defines the clinical and usage objectives of the app. This helped the research team to 
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include the appropriate app features to achieve the set objectives. Features included goal setting, 
motivation, monitoring, and feedback. This also facilitated the testing of the app with the 
targeted users (Nolen et al. 2018). The use of behavioral theories can lead to successful health 
promotion and behavioral change interventions (U.S. Department of Health and Human Services 
2005).   
The implementation of user-centered design principles is also critical for the success of dental 
apps. Usability testing is an important step in app development stage because it helps developers 
to early identify any problems with apps’ content or functionality before launching the app 
(Campos et al. 2018). Unresolved problems in apps may affect user engagement. In our review, 
less than half of the identified studies tested the usability of mobile dental apps. The app 
usability was tested using either qualitative or quantitative or both methods. The methodologies 
varied according to the target users of the app. One study, for example, used observation and 
satisfaction surveys to conduct usability testing with preschool children regarding oral health 
promotion game app  (Campos et al. 2018). The study concluded that it is important to  use a 
variety of usability tests with this age group to take into consideration the short attention span 
and different cognition levels among children  (Campos et al. 2018). It is important to plan the 
appropriate usability tests for the target user of apps.  
All of the studies that assessed usability of dental apps included the targeted users in app testing 
to inform the app design or test app functionality.  Dental professionals and app end users were 
involved in the process of app development either individually or in multidisciplinary teams. The 
advantages of including end-users in app usability tests were highlighted in one study of our 
review (Canbazoglu et al. 2016a). The research team involved users in developing a patient 
education app in implant dentistry (Canbazoglu et al. 2016a). This helped develop a usable and 
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practical app that met users’ needs and expectations (Canbazoglu et al. 2016a). Users reported 
their satisfaction and acceptability after completing the usability testing of the app (Canbazoglu 
et al. 2016a). Researchers and developers are encouraged to involve end-users in usability testing 
when designing dental apps to create effective interventions.  
Another important component when developing dental apps is including evidence-based 
information to ensure the safety to app users. Clinical guidelines inform the content and the 
format of dental apps of different purposes. Integration of evidence-based information ensure the 
high quality of health apps (Bardus et al. 2016). As known from the medical app literature, there 
is a lack or a limited amount of evidence-based information in medical apps (Azar et al. 2013; 
Bardus et al. 2016; Breton et al. 2011; Cowan et al. 2013; Lalloo et al. 2017; Pagoto et al. 2013; 
Pandey et al. 2013). We found that the same gap exists for dental apps. In our review, only 
fourteen dental apps out of 37 were based on clinical guidelines. Increased use of clinical 
guidelines is needed for future dental mobile apps, as well as increased reporting and 
implementation of methods development.  
The nature of our scoping review methodology posed many challenges, In general, the 
challenges of  scoping reviews include the imbalance between the breadth and 
comprehensiveness of scoping review with the limited resources of our research, The challenges 
of scoping studies and suggested recommendations were highlighted by Levac et al. (Levac et al. 
2010). There were also some challenges that were specific to our study. The inclusion criteria of 
our study included studies that presented apps on assessing oral health knowledge, behavior, and 
dental interventions; run on either smartphone or tablet; targeted varied users; and presented 
empirical results. These criteria were based on our study’s research questions. However, due to 
the breadth and nature of the scoping research questions, there was the uncertainty of the 
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decision-making process when selecting relevant studies. As the recommendations mentioned by 
Levac et al. (Levac et al. 2010), this challenge was overcome in our research by the iterative 
process of searching the literature, refinement of the search strategy, and reviewing articles for 
inclusion (Levac et al. 2010). The primary author independently examined abstracts for inclusion 
then discussed selection decisions with the advisor researcher at different points of this stage 
(Levac et al. 2010). Also, the primary author and sometimes the research advisor reviewed full 
articles for inclusion and discussed the selection decisions (Levac et al. 2010).  
With regards to the second challenge encountered in our research, the nature and extent of data 
to be extracted from our included studies, Levac et al. recommendations were achieved (Levac et 
al. 2010). It was challenging for coders to reach a high agreement when coding the included 
studies of our review. The broad scope of information extracted from studies and the 
heterogeneity of the extracted data resulted in inconsistent reliability. To counter this problem, 
the research team discussed their coding results comprehensively every three studies at the 
beginning of our review, and modified the coding sheet accordingly. For disagreement in coding, 
the main researcher referred to the research adviser for further discussion and modification of the 
coding sheet. Although the high inter-rater reliability achieved early in our review, this 
percentage dropped because of the high heterogeneity of our studies. Both researchers decided to 
code all the remaining studies collectively and discussed the results of their coding to ensure the 
validity and high quality of our data.    
The strengths of our review came from the unique methodologies used for searching relevant 
articles, and the comprehensive approach conducted during both the searching and coding of 
included studies as previously discussed. Although the identification of resources was made 
through only electronic databases and their push notification updates, the main author included 
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many databases (7 medical and technical databases) to ensure the coverage of all potential 
sources of the relevant studies to our review. The author also used an advanced technology by 
Rayyan software during the screening of articles’ titles and abstracts. The imbedded text mining 
technology in the software helped the author efficiently select the relevant studies to our review. 
This led to the identification of 38 peer-reviewed literature on dental apps.  
To our knowledge, our research is the first study to comprehensively review and map out the 
scope and discuss the characteristics of published dental app articles. Only one review study was 
found that assessed the effectiveness of dental apps in improving oral health knowledge and 
hygiene (Toniazzo et al. 2019). The study was designed as a meta-analysis evaluating only 
randomized clinical trials that used both mobile apps and text messages focused on oral health 
knowledge and behavior (Toniazzo et al. 2019). Only one from our included sample was 
discussed in this review (Alkadhi et al. 2017b). The findings of our review would advance more 
research in dental mHealth.  
96 
Conclusion 
This scoping review provides dentists, patients, researchers and developers with significant 
insights on dental apps. It informs people about types of dental apps published in the literature 
and their characteristics. Dental apps are developed for various purposes that can facilitate 
dentists’ work, improve education for dental students, advance oral health research, and promote 
oral health to communities globally. The identified dental apps in research covered a wide range 
of topics from educating the public about general oral health to specific details on dental 
procedures. As discussed in our review, dental apps are effective to improve oral health 
knowledge among users working in different settings. They also have the potential to improve 
oral health indices and facilitate communication between patients and dental health personnel. 
Dental apps enhance the process of data collection in research projects, and facilitate symptom 
monitoring for provision of remote oral healthcare in underserved communities.  
Not all the studies in our review reported app development methodologies, the use of theory and 
clinical guidelines, or usability. The conduct of usability testing and inclusion of theories and 
guidelines are critical for the success of dental apps. Entities plan to develop dental apps are 
encouraged to include these guidelines to have successful digital interventions.  
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CHAPTER 3. PROJECT 2: A SYSTEMATIC REVIEW AND CONTENT ANALYSIS OF 
BEHAVIOR CHANGE TECHNIQUES, FEATURES, ACCURACY AND 
COMPREHENSIVENESS OF POPULAR PATIENT SMARTPHONE APPS FOR ORAL 
HEALTH 
Study Significance and Rationale   
Mobile app stores have hundreds of dental apps that target dental practitioners, students, and 
patients. These apps are either developed by experts and/or lay people which makes it 
challenging for providers and the public to choose evidence-based and trusted apps. Although 
there are a tremendous number of dental apps available in app stores, their content is largely 
unexplored. Few studies have scientifically investigated the functionality and content of dental 
apps. The aim of the current study is to examine the function and content of patient-facing apps 
in oral health to assist in the future development of effective and evidenced-based oral health 
digital interventions as well as to inform consumers about the degree to which currently available 
oral health apps are evidence-based. Our study may facilitate prescription of oral health apps by 
dental practitioners.  
The current study reviewed popular oral health patient apps in Android and iOS app stores. The 
majority of consumers use only apps that do not have financial costs, yet some users are willing 
to purchase apps if the app has distinctive features and functions (Peng et al. 2016). It is 
unknown if paid health apps manifest a higher quality over no-cost apps because of extra or 
unique features. Thus, it is vital to challenge the perception that paid apps are more evidence-
based, trustful, and credible than no-cost apps. The current study will include, a comprehensive 
analysis of identified sample of no-cost apps using content analysis. Our research follows the 
guidelines of a large number of studies that adopted this methodology for assessing the content 
of medical apps (Abroms et al. 2013; Abroms et al. 2011; Bardus et al. 2016; Izahar et al. 2017; 
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Nicholas et al. 2015; Pagoto et al. 2013; Schoeppe et al. 2017). One unique aspect of our study, 
aside from focusing on oral health, is that we will include an evaluation of whether or not apps 
have iatrogenic or non-evidenced based components and content. Other unique aspects of our 
study include a characterization of behavior change techniques in dental apps, comprehensive 
identification of different groups of app features (i.e., interactivity, users’ input and sharing of 
content, privacy and security, ability to connect, functions, and technological features), 
measurement of the degree to which dental apps are adherent to four parameters of evidence-
based recommendations, and assessment of the readability of in-app content based on eight 
formulas. Content analysis will be performed by extracting key information from apps using a 
standardized coding sheet. Coded information will include, as mentioned earlier, app’s quality 
criteria (evidence-based guidelines), presence of behavior change techniques (BCTs), literacy 
level, and technical features. Our study has the potential to produce insights and 
recommendations to researchers, dental practitioners, and app developers (Jake-Schoffman et al. 
2017).  
Literature on Evidence-Based Mobile Health Apps 
To ensure the high quality of health apps, it is suggested to consider the integration of evidence-
based information when developing these apps (Bardus et al. 2016). Review studies showed 
that the content of commercially available health apps either lack or contain a limited amount of 
evidence-based information (Azar et al. 2013; Bardus et al. 2016; Breton et al. 2011; Cowan et 
al. 2013; Lalloo et al. 2017; Pagoto et al. 2013; Pandey et al. 2013). Some of these apps 
addressed postoperative pain, smoking cessation, asthma, weight management, cancer, and 
health and fitness apps. Over 40 apps of smoking cessation were coded by researchers for their 
level of adherence to clinical guidelines. Apps scored 7.8 out of 60 on average (adherence index 
score) indicating their limited adherence to the clinical practice guidelines for treating tobacco 
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use and dependence (Abroms et al. 2011). For Asthma apps, 40 out of over 70 apps were aligned 
with evidence-based guidelines for asthma management (Huckvale et al. 2012). Research has 
also found that weight management apps have received a very low score with regard to 
information quality (Bardus et al. 2016). In a study that examined bipolar disorder app reviews, 
some users reported faulty information in those apps that could possibly harm them (Nicholas et 
al. 2017).  
Regarding oral health apps, there is no published research regarding the analysis of the content of 
dental apps, or specifically dental app adherence to evidence-based guidelines. The available 
dental app studies focused on the following: reviewing dental apps in a certain specialty such as 
orthodontic apps, analyzing the effectiveness of individual dental apps on users’ knowledge and 
oral health indices such as gingival index, and assessing the perception of users regarding oral 
health apps (Alkadhi et al. 2017a; AlKlayb et al. 2017; Baheti and Toshniwal 2014; Singh 2013; 
Underwood et al. 2015). Only one dental app, Brush DJ, was approved as evidence-based by the 
National Health Service Choices Health App library in England (National Health Service 2018). 
The app follows the oral health guidelines of Public Health England of UK that target people of 
different age groups. The guidelines cover the following domains: prevention of caries; 
prevention of periodontal disease; prevention of oral cancer; control of risk factors including 
alcohol, tobacco, diabetes, and medications; and promotion of healthy eating (PHE 2017).  
mHealth Credibility: Definition, Literature, and Rationale 
Another parameter to ensure high quality of health apps is the credibility of the content presented 
in these apps. Credibility motivates users to engage with health apps thus help them achieve their 
health goals (Peng et al. 2016). A non-profit organization, based in Switzerland, called Health on 
The Net (HON) foundation developed eight international standards to ensure the credibility and 
quality of health information available in Internet. HON principles guide users and health 
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professionals to find reliable electronic health information (Health on the Net 2018 ). The 
credibility of health apps were assessed based on apps’ compliance to the HON main principles: 
Information must be authoritative; purpose of the app; confidentiality; Information must be 
documented, referenced and dated; justification of claims; app contact details; financial 
disclosure; editorial and advertising policy (Huckvale et al. 2012). Studies have coded health 
apps for adherence to HON quality standards for credibility (Gibbs et al. 2017). A recent study 
found that no medical app satisfied the eight principles of HON, and only one app, “Medication 
Guide,” was adherent to seven of these principles (Ben-Mussa and Paget 2018). Medical apps 
complied best with HON principles “transparency” and “confidentiality” (Ben-Mussa and Paget 
2018). In another study, 71% of identified apps for sexually transmitted infections complied with 
five or less HON criteria (Gibbs et al. 2017).  The study also found that no app was  adherent to 
the standard of documenting, referencing, and dating health information (Gibbs et al. 2017). 
Another method of assessing the credibility of mobile apps was examining the app description in 
app stores for the presence of organizational affiliation, content sources, and evidence base 
information (Shen et al. 2015). One study found insufficient reporting of affiliation in apps 
focused on depression, where 124 developers out of 190 did not mention any information about 
their entities (Shen et al. 2015). Also, only 38% of depression apps reported the sources of their 
content, and either cited experts in the field or connected users to external sources (Shen et al. 
2015).  No published studies were found on assessing credibility of oral health apps. In the 
current study, we assessed the credibility of dental apps by examining app description in app 
stores and analyzing the downloaded app content. We extracted information about developer 
affiliation, presence of external links to credible websites, and presence of evidence-based oral 
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health recommendations. Careful examination of developers’ websites to identify their 
affiliations was also conducted when no enough information was available in app stores. 
Behavior Change Techniques: Definition, Significance and Methodology  
Health interventions that change people’s behavior are complex in nature (Craig et al. 2013). 
Breaking them down through understanding their content and theoretical constructs helps 
researchers understand how interventions work (Michie and Prestwich 2010). Analyzing health 
behavior interventions is done through examining the active ingredients that compose them 
called the behavior change techniques (BCTs). These components by themselves can lead to 
behavior change which is related to the outcomes (Michie et al. 2015). Identifying the BCTs in 
any intervention will lead to accurate replication and successful implementation of an 
intervention. Additionally, reviewing the content of behavior change interventions in previous 
studies enables researchers to highlight the effective combination of BCTs that ensure the 
success of an intervention. Having these techniques in hand empower public health professionals 
to design and develop effective behavior change interventions (Michie et al. 2015).  
A taxonomy of behavior changes techniques (BCTTv1) was developed to identify BCTs. This 
method was created by 54 international experts who have knowledge and experience in 
developing and conducting behavior change interventions. Ninety-three definite BCTs were 
categorized into 16 groups based on the common active components in that group. The 
taxonomy is a reliable method to code the descriptions of different behavioral interventions 
(Michie et al. 2015). In addition to specifying and interpreting intervention content, BCTTv1 
also defines other aspects such as the intervention’s context and mode of delivery (Michie et al. 
2008). The interaction of these three dimensions affects the outcomes of health interventions 
(Michie et al. 2015).  Previous studies have reviewed whether or not BCTs are included in 
apps.  However, none of these studies focused on oral health or dentistry. Identifying the 
effective 
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combination of BCTs and analyzing their frequency in apps enables providers to recommend 
patient-centered apps specific to users’ needs and behavior problems (Jake-Schoffman et al. 
2017). The presence and number of techniques vary according to the app type and price (Direito 
et al. 2014). The most common techniques employed in physical activity apps, for example, were 
goal-setting, self-monitoring, demonstration of behavior, and provision of instructions, feedback 
and rewards for performing a behavior (Conroy et al. 2014; Middelweerd et al. 2014; Schoeppe 
et al. 2017; Yang et al. 2015). Goal setting and reminders were well- perceived by health app 
users and helped them achieve their health goals (Peng et al. 2016). Some BCTs have been found 
to effectively increase the self-efficacy of over-weight individuals to perform healthy behaviors 
such as 'action planning', 'time management', 'prompt self-monitoring of behavioral outcome' and 
'plan social support/social change'. The last two BCTs resulted in positive changes of users’ 
behavior with regard to physical activity (Olander et al. 2013). ‘Goal setting’, ‘self-monitoring’ 
and ‘feedback’ have also been associated with effectiveness in weight management apps 
(Hartmann-Boyce et al. 2014; Lyzwinski 2014; Michie et al. 2013). Incorporating effective 
BCTs when developing health apps is imperative to have successful digital interventions. A 
previous review found that effective BCTs such as modeling and social support were ignored and 
not incorporated in health apps (Brannon and Cushing 2015; Schoeppe et al. 2017). This 
indicates the lack of translating research findings into practical application (Brannon and 
Cushing 2015; Schoeppe et al. 2017).  
The number of included BCTs also influences the app effectiveness to change the user’s 
behavior. The average number of BCTs included in health apps for physical activity ranged from 
four to eight per app (Conroy et al. 2014; Direito et al. 2014; Middelweerd et al. 2014; Schoeppe 
et al. 2017). The more BCTs and features included in an app, the higher is the quality of apps 
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(Bardus et al. 2016). In one study, user engagement was found to be highly associated with the 
number of BCTs and technical features in health apps (Schoeppe et al. 2017). However, one 
review study showed that a high number of BCTs in apps was not always linked to their 
effectiveness (Michie et al. 2009b) and might negatively affect users’ engagement (Schoeppe et 
al. 2017). The review showed that nine effective interventions focused on reducing smoking, and 
increasing healthy diet and physical activity among low income groups had fewer number of 
BCTs (mean=8.22) compared to ineffective interventions (mean=12.75)   (Michie et al. 2009b).  
When large number of BCTs is incorporated into apps, their implementation and delivery may 
greatly vary and can lead to inconstant effects (Michie et al. 2009b). Also, large number of BCTs 
included in a single app could be overwhelming to users as well as one BCT delivered multiple 
of times daily. For example, the use of reminders (BCT: action plan) facilitates the use of mobile 
apps as it engages users to perform the targeted behavior (Peng et al. 2016); however, receiving 
too many reminders or at inappropriate timing can hinder the use of apps and no change of 
behavior would happen (Dennison et al. 2013).  
The effectiveness of apps is not only effected by the number of BCTs, but also affected by the 
combinations of BCTs (Michie et al. 2009a). Several studies highlighted the combination of 
BCTs that effectively change people’s behaviors (Dusseldorp et al. 2014; Olander et al. 2013; 
Samdal et al. 2017). For example, goal setting and self-monitoring techniques were found to be 
effective in apps that target obesity (Rivera et al. 2016). For interventions addressing physical 
activity and healthy eating together, the effective combination of BCTs found were as follows: 
providing information about the health behavior along with prompts of intention formation (cues 
that motivate app users to set a goal or change a behavior); providing information about the 
health behavior along with information on consequences of performing or not performing the 
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behavior, and the inclusion of follow up prompts (recontact a person after intervention 
completion). Interventions that provided users with feedback on performing a behavior without 
giving them instructions were the least effective interventions (Dusseldorp et al. 2014). 
Moreover, ‘Optimum BCTs’ were found to be one of the most effective combination of 
techniques that included ‘Prompt self-monitoring of behavior’ with at least one of the following 
self-regulatory techniques: ‘Prompt intention formation’, ‘Prompt specific goal setting’, ‘Provide 
feedback on performance’ and ‘Prompt review of behavioral goals’ (Michie et al. 2009a). For 
apps focused on diabetes management for example, it was found that apps with ‘optimum BCTs’ 
had more features and cost more than apps without this specific combination of BCTs (Hoppe et 
al. 2017).  
Regarding the dental literature, the content and quality of dental apps focused on patients is 
notably lacking. One study on users’ perception of the Brush DJ app only listed the BCTs 
included in the app without assessing their effectiveness to motivate users’ oral hygrine behavior. 
BCTs mentioned were: instructions to perform an oral hygiene practice through videos and 
messages, demonstration of a specific oral behaviors through animated videos, usage of prompts 
and cues to encourage certain activity via sound or vibration, and the presence of different types 
of awards (Underwood et al. 2015). 
Literature on App Characteristics, Features, and User Engagement 
In the current study we evaluated the presence of technical features in dental apps because 
incorporating them facilitate users’ engagement with apps and has the potential to help them 
achieve their health goals (Hoeppner et al. 2017). The inclusion of technical features (e.g., push 
notifications, tracking, calendars, data collection via sensors) is critical for designing health apps 
tailored to the users’ preferences. For example, research has shown that the majority of users 
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prefer booking appointments with or communicating with doctors (57.36%) and viewing their 
medical records through the apps (62.16%) (Krebs and Duncan 2015).  
One study found that the following technical features appealed to app users: tracking health 
activity, tracking symptoms or medications, communication with the health team, and receiving 
personalized recommendations and diagnostic suggestions for users’ health issues  (Krebs and 
Duncan 2015). Educational information, social networking options, awards/rewards, and 
gamification were commonly used features in health apps whereas alignment with guidelines, 
push notifications, reminders, and GPS were less frequently found in health apps (Schoeppe et 
al. 2017).  
From the users’ perspective, one study highlighted the features that engage consumers with 
health apps (Peng et al. 2016). Features include social competition where users can share their 
behavioral data in the app platform or in social media to compare achievements with family 
or/and friends; and connect to social media. 65% of the top health apps connect to social media 
(IMS Institute for Healthcare Informatics 2015). With reference to social competition, it could be 
discouraging if competitors in social networks were in a very advanced level compared to the 
users. Another app feature is the inclusion of rewards that could be in the form of badges, 
unlocking new levels or cheering messages. Rewards could be tangible such as receiving items 
or money, or electronic emojis. Entertaining elements as games can be engaging for consumers 
to use health apps (Peng et al. 2016).  
One study found that the incorporation of BCTs and engagement elements such as messages into 
health apps was positively associated with their effectiveness to enhance users’ health behavior 
(Gilliland et al. 2015; Wang et al. 2015). The tailored app information covering various health 
topics, and action plans engage users with health apps (Peng et al. 2016). However, personalized 
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messages can be demotivating to some users who dislike receiving suggestions from a 
“machine” as reported in one study (Peng et al. 2016). App motivators (i.e., elements that 
encourage users to start or continue using an app such as social competitions, games and 
rewards), such as trackers, reminders, goal setting, social support and app credibility were all 
elements that facilitate the use of health apps (Peng et al. 2016). Trackers are beneficial in the 
initial stages of adopting a new behavior (Peng et al. 2016). They engage users for a short period 
of time until users become aware of their behavioral patterns. In the Peng et al., 2016 study, 
users reported their preference to use automatic trackers rather than manual ones, and indicated 
that the combination of trackers and goal setting features with feedback worked better for them 
as these elements increased their self-awareness and educated them about their tracked health 
behavior (Peng et al. 2016). Users also reported that they highly valued and trusted their friends’ 
recommendations of apps. Some users cross-checked health apps with various resources and 
with their doctors to evaluate app credibility, whereas others validated apps by downloading 
them and testing them in-person (Peng et al. 2016).  
Additionally, Peng et al. study focused on the factors that hindered consumers from using health 
apps (Peng et al. 2016). Factors included the lack of awareness of the availability of health apps, 
lack of app literacy, lack of the need for apps, and app cost. Another barrier is apps’ complexity 
which requires the user input of time and efforts to continue using health apps. Additional 
barriers include the lack of users’ motivation and dedication to change their behavior. Specific 
features such as the size of a health app can also affect the user’s choice of downloading an app 
from the first place  (Peng et al. 2016). 
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Privacy and Security: Definition, Literature, And Rationale 
Health information privacy is defined as “an individual’s right to control the acquisition, uses, or 
disclosures of his or her identifiable health data” (Cohn 2006; Institute of Medicine 2009).  
Whereas Security is referred to “physical, technological, or administrative safeguards or tools 
used to protect identifiable health data from unwarranted access or disclosure” (Cohn 2006; 
Institute of Medicine 2009). Approximately one-thousand health apps are developed every 
month, yet not all of them have satisfied the requirement policies of privacy and security nor 
declared them clearly in the apps (Albrecht et al. 2013; Nicholas et al. 2015; Research2Guidance 
2013). The lack of privacy policy was observed in apps addressing bipolar disorders (Nicholas et 
al. 2015). Bipolar disorder apps are at highest risks for privacy and security due to the sensitive 
nature of collected data; however, only a quarter of these apps that actually contained a privacy 
policy or provided an external link to it (Nicholas et al. 2015).  
Regarding users’ perspectives on privacy and security of health apps, data storage and 
information leaks to third parties were major concerns to users. Users considered the privacy as a 
right to anyone and were against the idea of paying to unlock security features in the app 
(Nicholas et al. 2017). The data of health mobile apps are highly sensitive that requires special 
security measures for protection. If unauthorized access and disclosure of users’ private 
information occurs, discrimination and stigma could happen (Institute of Medicine 2009). The 
nature of damage due to privacy and security breach varies according to the functionality and 
characteristics of health apps. Potential damage can happen through leaks of users’ health 
information which might affect their likelihood of employment; manipulation and change of 
information that can lead to medical errors, loss of critical information necessary for treatment, 
and possession of a value to third parties that would utilize these data for malicious purposes 
such as identity theft (Dehling et al. 2015). Health records apps, for example, that include disease 
108 
management tools and medication trackers were recognized as the highest privacy and security 
risks compared to other types of apps. The information contained in health record apps are very 
detailed and sensitive that if damaged in any way, can negatively affect the user’s treatment 
decisions. On the other hand, knowledge apps are the least risky apps since there was little or no 
entry of any personal data by the users (Dehling et al. 2015).  
Protection measures should be customized to the type of health apps to ensure maximum privacy 
and security (Dehling et al. 2015; Dehling and Sunyaev 2014).  
Requirements stated that any identifiable information (Personal Health Information PHI) 
requested from the user such as the patient’s ID and medical status should be protected. App 
developers/entities that request entry of PHI into the app must provide users with information 
about the entity’s identity, privacy and security practices and purpose of collecting their PHI. 
Additionally, they must inform users if provision of their information is mandatory or not. Users 
should be able to access and revise their data, and easily contact the developers of the app for 
any support. Concerning security of PHI, app developers must provide extra measures to 
securely protect users’ data from breach. User’s data must be retained for a specified duration 
and purpose then it should be removed. Developers must clearly declare these privacy and 
security requirements to users in the app policy (Martinez-Perez et al. 2015).  
Security recommendations stated that access to apps should be controlled by implementing 
customized restrictions deemed to different types of users. User’s authentication should be done 
through requesting complex passwords or employing special technical mechanisms for security 
such as linking the password with a fingerprint. As mentioned earlier, the policy of privacy and 
security should be comprehensible and accessible to users all the time with an emphasis on 
informing them about their rights and the entity’s identity, goals of collecting users’ PHI and 
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practices of securing these data. These security requirements will be assessed in our content 
analyses of oral health apps.  
mHealth Literacy: Definition, Literature, and Rationale 
The institute of Medicine defined health literacy as “the degree to which individuals can obtain, 
process, and understand the basic health information and services they need to make appropriate 
health decisions.” (Institute of Medicine Committee on Health 2004). A recent concept emerged 
entitled “mHealth Literacy” which has the same definition but with using mobile devices. Lin et 
al. study defines it as “the ability to use mobile devices to search, find, understand, appraise, and 
apply health information to address or solve a health problem” (Lin and Bautista 2017). Similar 
to health literacy, mHealth literacy compose of two main skills that include seeking health 
information where people are competent to use their mobile devices to search for health 
information. The second skill include the ability to appraise health information and apply it to 
solve ones’ health problems also through the use of mobile devices (Lin and Bautista 2017). 
Low health literacy is associated with poor health status and put people at risk of developing 
illnesses, being hospitalized in hospitals or lead them to death (Weiss 2001). Having the skills of 
health literacy enable patients to handle the administrative and clinical tasks necessary to receive 
health services. One example is that patients can use their mobile devices to schedule 
appointments with their doctors and explain their medical history to them (Collins et al. 2012; 
Weiss 2001). If heath information presented in health apps are complex or the design of the app 
is made difficult for the user to navigate, this will hinder the users from using the apps initially 
(Peng et al. 2016). The complexity of mobile apps and the difficulty to navigate an app called 
“health literacy demand” (Lambert et al. 2017). One way to measure it is by using Mobile 
Application Rating Scale (MARS) for usability (Lambert et al. 2017). MARS is a simple, valid 
and reliable tool to measure the technical quality of health apps (Stoyanov et al. 2015). Only 
three dimensions of 
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MARS scale for usability will be used to quantify the health literacy demand of health apps: 
engagement, functionality and aesthetics (Lambert et al. 2017). One mHealth study assessed 
renal nutrition apps based on MARS, and found an acceptable health literacy demand. 71% of 
renal nutrition apps scored 3.15 out of 5 (Lambert et al. 2017). Other methods to assess app 
literacy was using web-based readability calculators which are free tools to calculate text 
readability based on multiple formulas (Brian Scott 2019). Previous research on mobile apps 
assessed the readability of apps’ privacy policy using online readability calculators where the 
reading grade level was calculated as an average of Flesh Kincaid, Gunning Fog, and SMOG 
formulas (number of sentences, number of words, and complexity of words are measured) (Das 
et al. 2018; Robillard et al. 2019b; Sunyaev et al. 2015).  The average reading levels in previous 
studies were the following: 16 (SD=2.9) (Sunyaev et al. 2015), 12.8 (SD=1.6) (Das et al. 2018), 
and 13.8 (SD not reported) (Robillard et al. 2019a), all were above the recommended eighth 
grade level for adult users in USA (Walsh and Volsko 2008). No published studies were found 
on assessing the literacy of oral health apps. In the current study, we evaluated the health literacy 
of dental apps by measuring the readability of downloaded in-app content. Text was taken from 
the educational part of the app, and was entered into a readability online test tool to measure app 
literacy based on eight formulas (Brian Scott 2019).  
Objectives and Research Questions 
This study comprehensively reviews and analyzes dental mobile apps from the most popular 
smartphone operating systems (Android and Apple). Recent data showed that Android has the 
biggest market share (53.3%) followed by Apple (44.9%) (Statista 2018). Our review focuses on 
patient-facing apps in order to help inform consumer selection of high-quality apps, as well as to 
aid dental practitioners in deciding on which apps to recommend to their patients. Our review 
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also has the potential to contribute to guide app developers about best practices. Analysis of 
downloaded app content is imperative as the information mentioned in app description is 
insufficient or not always correct nor representing of what is actually available in the app 
(BinDhim et al. 2015).   
The purpose of this paper was to characterize patient-facing dental apps available in mobile app 
stores, and assess their quality. To achieve this objective, the following research questions were 
addressed (Table 3.1).  
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Table 3. 1 Research Questions 
No. Research question Motivation 
RQ1 What types of dental mobile patient-facing apps 
are available in Android and Apple app stores?  
To list and describe the main 
categories found of patient dental 
apps.  
RQ2 What are the characteristics of the identified 
oral health apps?  
To characterize the popular patient 
apps for oral hygiene (country, target 
group, target behavior, #downloads 
and user ratings, price, etc.) 
What behavior change strategies are included in 
patient facing apps for oral health, and how 
frequently are they used?  
To list all of the behavior change 
strategies and indicate the frequency 
with which they appear in dental 
apps and also the number and type of 
BCT strategies included in each of 
the apps.  
What app technological features are most 
frequently used by popular patient facing apps 
for oral health? 
To identify the technology-enhanced 
features in the app (e.g., data 
sharing, social media, connection to 
provider, etc.) and how frequently 
they are included in the apps. 
To what degree do dental health apps include 
protection for the privacy and confidentiality of 
the users? 
To identify the dental app features 
that ensure users’ privacy. 
113 
To what degree are dental apps appropriate for 
users with different levels of health literacy?  
To evaluate the level of health 
literacy of dental apps. 
RQ3 To what extent do popular patient apps adhere 
to the dental evidence-based guidelines?  
To examine the inclusion of 
evidence-based strategies, and 
highlight if non-evidence-based 
strategies or potentially harmful 
content exists in patient-facing 
dental apps 
RQ4 To what extent is app popularity associated 
with app quality and number of features.  
A) To assess if app popularity is
associated with inclusion of 
evidence-based strategies (adherence 
index). 
B) To assess if app popularity is
associated with the number of BCTs 
included in the app.  
C).  To assess if app popularity is 
associated with the number of 
features included in the app.  
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Methods 
A) Identifying oral health mobile apps (Search strategy)
During April and May 2019, a systematic search was conducted in Apple and Google Play app 
stores to identify patient-facing oral health apps. Apps were downloaded, coded and analyzed by 
the research team including two trained coders (AQ, and RE), and the research advisor. The main 
author (AQ) identified Android apps via Google Play web browser, and iOS apps via Apple store 
in iPhone 7. For Google Play search, the author signed-out of google account to eliminate any 
effect from user’s set preferences or saved search history on the type of resulted apps. Search 
keywords were derived from a previous dental app review by Tiffany et al. (Tiffany et al. 
2018a), commonly used oral health terms added and compiled by the main author (AQ), and 
keywords suggestions by a pediatric and geriatric dentists, and the research advisor (Figure 3.1).  
Figure 3. 1 The Sources of Search Keywords for Patient-Facing Oral Health Apps  
There was no known scientific method to identify the popular keywords used by the public when 
searching app stores. The author decided to use Google Trends tool to identify which dental 
•“oral health, dental health, teeth health, tooth health, 
mouth health, dental care, teeth care, and oral care” 
(Tiffany et al. 2018)
Published Research 
•tooth, teeth, oral hygiene, dental hygiene, brushing your
teeth, tooth cleaning, floss, tooth care, dentistry, child
dentist, kids dentist, tooth doctor, tooth games, tooth
pain, toothache, toothache remedies.
Common Keywords
•fluoride, dental radiograph, baby teeth, bleeding gums,
bad breath, tooth whitening, discolored teeth, cavities,
tartar, teething, root canal treatement, root canal.
Dentists (Pediatric, and 
Geriatric Dentists)
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search terms were popular among people. This tool displayed the top search queries as well as 
the rising search queries used in Google search engine. This is represented by a value called the 
search volume index (SVI) (Google Trends 2019) . In prior research, Google Trends was found 
to be an effective tool to analyze people’s browsing behavior, and it can measure their interests 
(Mavragani et al. 2018). Since previous research was based on internet browsers not apps, an 
assumption was made that the words people use for searching the web would be the same used in 
searching App stores. 
The author set up Google Trends to obtain results from the past 12 months in the USA region. 
Our initial Keywords (Figure 3.1) were entered into Google Trends website to identify the 
popular terms used for oral health (Figure 3.2). For example, the word “Floss” was entered, and 
the resulting top keywords suggested by Google Trends metrics (score >50) were dental 
cleaning, teeth deep cleaning and teeth cleaning (Figure 3.3). This was done for the complete list 
of our keywords. The final list was discussed with the research advisor and coder, and the search 
was carried out in Apple and Google Play app stores (Figure 3.2). Further keywords were 
included to our list while searching both app stores and screening the names of app results. App 
names that represented a specialty or area in dental health not present in our primary list were 
added.  Our final search keywords included the following topics: oral health, oral hygiene 
behavior such as toothbrushing and flossing, toothache, teeth whitening, dental visit, mouth 
cancer, dental emergency and teething (Appendix 6). The number of keywords used for the app 
search was 40 for iOS and 43 for Android. The difference was because three keywords in iOS 
resulted in no apps (tooth doctor, discolored teeth, and tooth tartar). Keywords were entered into 
both app stores, and the information of the top 20 apps were recorded into Excel sheet. We 
included only the top 20 apps because one study found that the majority of app users do not 
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browse beyond the first 10 apps (Dogruel et al. 2015). Some of the keywords resulted in less 
than 20 apps for iOS app store compared with Android. We identified 860 Android and 155 iOS 
dental apps. 
Figure 3. 2 The Identification Process of Popular Search Keywords for Patient-Facing Oral 
Health Apps 
B) Selection process
Apps were selected based on PRISMA guidelines for systematic reviews, and   according to the 
eligibility criteria modified from research on mobile health apps (Gibbs et al. 2017; Househ et al. 
2017; Huckvale et al. 2015; Moher et al. 2010; Muessig et al. 2013; Tiffany et al. 2018b)  
The final app list was screened by titles and app descriptions for eligibility (Moher et al. 2010). 
Non-dental-related and irrelevant apps such as oral contraception apps were excluded. Also, non-
English apps, and dental apps that were not focused on patients such as dental clinician-facing 
apps, education, business, magazines and journal apps were all excluded (Table 3.2). Eligibility 
criteria were also driven from the first paper of our research (Table 3.2). 
Step 1: Keyword identification
• Identified 
keywords from a 
published review
by Tiffany et al. 







suggestions by a 
pediatric dentist,
geriatric dentist,
and the research 
advisor. 
Step 2: Keyword entry
• Entered the list of 
keywords (figure 
3.1)  into Google 
Trends.
• Applied filters 
included: United 
States, past 12 
months, all search 
categories, and 
web search. 
• Recorded top 
related topics and 
queries (SVI >50). 
Step 3: Expert Opinion 
• Finalized 




and the coder 
(AQ).
Step 4: Keyword Test
• Entered keywords 
in Google Play and 
Apple app stores. 
• Deleted keywords 
with un-related 
results to dentistry 
or no results.
• Added keywords 
from observing 
app  search 
results.
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Table 3. 2 Inclusion and exclusion criteria for dental app in app stores 
Inclusion Criteria Exclusion Criteria 
IC1. App developed for oral health. 
Apps on assessing oral health knowledge, 
behavior and dental interventions as well as 
apps that are related to the field of dentistry 
(such as TMJ, Bruxism, and Neoplasms) 
EC1. Unrelated apps such as oral 
contraception 
IC2. Patient-facing apps such as apps aimed 
at consumers from all age groups and/ or 
caregivers  
EC2. Non-patient facing apps such as apps for 
dentist and students 
IC3. English and no-cost apps EC3. Non-English and paid dental apps  
IC4. Ranked in the top 20 apps for each 
keyword 
EC4. Non-health related apps such as books, 
and products 
IC5. Can be operated without subscription to 
another program (Stand-alone functionality) 
EC5. Dental survey apps that have no 
educational or behavioral component  
EC6. Apps with technical problems; not 
working after two attempts on different test 
devices.  
PRISMA guidelines and eligibility criteria were also applied to patient-facing oral health apps 
mentioned in the first study of our research (Table 3.3) (Paper 1), and apps mentioned in review 
research studies in dental apps (Table 3.4). We included all of the apps previously examined by 
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Tiffany et al. and dental apps from other review articles to increase our understanding of dental 
apps. We excluded two paid dental apps by Tiffany et al and additional four apps that were no 
longer available in all app store, so they could not be evaluated (Tiffany et al. 2018b) (Table 
3.4). The included patient-facing apps from the peer-reviewed literature (Paper 1) were the 
following: BrushDJ, Colgate Connect, Dental Trauma First Aid, ToothSense, and BruxApp (Al-
Musawi et al. 2017; Bracci et al. 2018; Iskander et al. 2016b; McKenzie and Pretty 2018; Nolen 
et al. 2018). For the review research studies on dental apps, five apps were identified including 
orthodontic, BraceMate, BracesHelp, BrushDJ, and Dental Trauma First Aid (Baheti and 
Toshniwal 2014; Djemal and Singh 2016a; Gkl et al. 2018; Gupta and Vaid 2017; Khatoon et al. 
2013; Singh 2013). For dental apps available in both app stores (i.e., duplicates across operating 
systems), the Android version was used for our analyses since Android has the biggest market 
share than Apple (53.3% vs. 44.9%) (Statista 2018) This decision also followed previous 
research on dental apps (Tiffany et al. 2018b). Inclusion of dental apps from our first paper and 
the review research studies is illustrated in the PRISMA flow chart (Figure 3.4 and Figure 3.5). 
The chart was adapted from Brzan et al., 2016 (Brzan et al. 2016).  
Our final sample of dental apps derived from three sources: apps published in peer-reviewed 
literature (Paper 1; n=5) (Table 3.3); apps in published reviews on dental apps that were 
published in app stores (n=3) (Table 3.4); and apps identified from our search in both app stores, 
Google Play (n=32), and iOS (n=12) (Figure 3.4 and Figure 3.5). The final sample number of 
included dental patient-facing apps was (n=52). 
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Table 3. 3 The process of dental app selection from the peer-reviewed literature (Paper 1) 
• Number of mobile dental apps published in the peer-reviewed literature (n=37)
• Dental apps excluded with reasons (n=32)
o Dentist- and student-facing apps (n=12)
o Non-English apps (n=4)
o App names not mentioned in articles (n=3)
o Apps not available in iOS and Android app stores (n=11)
o Dental survey apps with no education or behavior component (n=2)
• Dental apps included in the Paper 2 (n=5)
Table 3. 4 The process of dental app selection from review research studies on dental apps 
• Number of review studies identified on dental apps (2013-2018) (n=7)
• Number of patient-facing dental apps mentioned (n=70)
• Duplicate dental apps removed (n=2) *
• Dental apps excluded with reasons (n=38)
o Apps not available in iOS and Android app stores (n=30)
o Paid apps (n=2)
o Non-English apps (n=1)
o Apps not functional (n=2)
o Less than 1000 downloads for Android apps (n=2)
o Entertainment app with no education or behavior component (n=1)
• Dental apps included in Paper 2 (n=3)
• Dental apps included in Paper 2 from Tiffany et al (n=27)
* apps were identified in the reviewed publications; same app was studied by different
researchers (BrushDJ and Dental Trauma First Aid apps).
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Figure 3. 3 PRISMA Flow Diagram for Oral Health Patient Facing Apps Found in Google 
Play 
* When the same apps were identified in different sources (publications and app store) duplicates
were removed.
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Figure 3. 4 PRISMA Flow Diagram For Oral Health Patient Facing Apps Found in Apple 
Store 
* When the same apps were identified in different sources (publications and app store) duplicates
were removed.
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C) Data extraction:  
 
Extraction of app content and key information (i.e., the coding process) was conducted by two 
trained coders (AQ, and RE) for both lists of mobile apps from iOS and Android stores. One 
coder was a dentist with a background in dental public health, and the other coder was 
psychologist with experience in dental research and BCTs. Apps were coded for the presence 
and absence of following features: app functionality, interactivity and engagement, social 
connectedness (i.e., ability to connect with a dentist, developer or other users via in-app 
messaging, videos or social media platforms), input and sharing information (i.e., users ability to 
record and enter their oral hygiene behavior, receive personal recommendations, and share 
content with other users or dentists such as sharing progress reports of toothbrushing behavior), 
technological features (e.g., automatic tracking of oral hygiene behavior, push notification, and 
app ability to function without internet connection) and BCTs. Coders also coded the presence of 
absence of evidence-based strategies as well as strategies that were not evidenced-based or 
deemed to be potentially harmful.  
A codebook (manual) was developed to help guide the process of coding, and increase the 
reliability between coders (Appendix 4a). The codebook is a document that explains the coding 
process to coders and provides greater detail about the items listed in the coding sheet. It 
includes definitions of the main elements of the coding sheet along with examples for each. Our 
codebook included the definition of BCTs in the context of dental apps (Appendix 4b). The 
manual helped coders easily identify key elements from app descriptions and content. Multiple 
coding training sessions took place in April and May 2019 to develop and modify the codebook. 
Each coding session took from 1 to three hours depending on the nature of the dental app.  In 
these sessions, both coders assessed dental apps and discussed disagreement and modifications 
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with the research advisor. The coding for the evidence-based guidelines and the BCTs were as 
follows, 0 indicating “not present at all,” 1 indicating “partially present,” and 2 indicating “fully 
present” (Abroms et al. 2013; Huckvale et al. 2015).  
Evidence-based strategies listed in the coding sheet were based on the dental guidelines from 
The Public Health England, American Dental Association, American Association of Pediatric 
Dentistry (AAPD), and the National Maternal and Child Oral Health Resource Center (American 
Academy of Pediatric Dentistry 2018 ; American Dental Association 2018 ; Casamassimo et al. 
2016; Davies and Davies 2008). These strategies were compiled and revised with the research 
advisor and six dentists with specialties in general dentistry, pediatric dentistry, periodontology 
and dental public health. Evidence-based strategies included oral care recommendations, 
nutrition and feeding practices, substance abuse, and professional care recommendations that 
included guidelines on dental visits frequency, oral habits counseling, and receiving of topical 
fluoride and dental sealants (Appendix 7). Non-evidence-based and iatrogenic practices were 
listed in the coding. Other elements of our coding sheet included oral health literacy, privacy and 
security, basic information such country where dental apps developed, number of app 
downloads, user rating, and end users (parents/caregivers, adults, and children) (Table 3.5 - 
Appendix 5). The end-user was specified for dental apps since features may differ between 
different targeted groups (Schoeppe et al. 2016). The elements of the coding sheet were compiled 
from a variety of sources including (Arnhold et al. 2014) as well as meetings with the research 
team. Apps were coded from iPhone 7, Android tablet and Samsung 8. Coders practiced coding 
BCTs from an 8-hour online training program provided by the UCL Centre for Behavior Change 
using the BCTTv1 taxonomy (BCT Taxonomy 2018). It was essential to complete the training to 
gain the necessary skills to accurately code oral health apps for BCTs. Coding training sessions 
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maximized the reliability between coders and helped them achieve a good agreement regarding 
the presence or absence of BCTs and other features in oral health apps. After the training, the 
main researcher downloaded and independently coded all dental apps using the coding 
guidelines. The second coder coded 25% of the sample of apps, thus coding one dental app for 
every 5 apps coded by the main author to assess any drift in ratings.  The percent of agreement 
ranged from 80% to 88% which represented a good reliability. 
Table 3. 5 Summary key information extracted from oral health patient-facing apps   
Category              Subcategory/specification 
General Information 
App ID 
App name  
App version 
Date of access (date of coding) 
Release date 
Last date updated  
Country of origin 
Operating system 
Name of the developer 
App price 
Free (all features)  
Free (in-app purchases) 
Free (requires the purchase of toothbrush) 
App interface and credible website 
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            Can be combined with other devices or linked to a website 
Presence of tutorials 
Target age group  




Popularity/ user ratings 
Number of downloads 
User rating 
Number of user ratings 
App content/focus 
Oral hygiene behavior 
Dental trauma 
Orthodontics 
Oral health knowledge 
Communication 
Privacy and security  
App features  
Evidenced based recommendations 
Non-evidenced recommendations 
Behavior change techniques (BCTs) 
Oral health literacy  
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D) Data analysis plan
The analysis included descriptive statistics consisting of frequencies (number and percentages) 
of app characteristics including app features, evidence-based guidelines, and BCTs. Study data 
was entered into Qualtrics Survey Software then exported to SPSS V25.0 and Excel V16.16.10 
for analysis. The inter-rater reliability was assessed by calculating the percent agreement 
between the two coders. We also calculated an “adherence index” to convey the extent to which 
dental apps were adherent to evidence-based oral health guidelines for prevention. For each app, 
we coded whether it did not include the recommendation (score=0), partially included the 
recommendation (score=1) or fully included the recommendation (score=2). These scores were 
then summed for each app. The adherence index score measured apps’ adherence to all four 
parameters of evidence-based recommendations except for dental apps targeting parents and 
children, three parameters (substance abuse recommendations did not apply to this group of 
apps). For BCTs, a similar method to the adherence index was used: we summed the scores of all 
fully and partially included techniques in dental apps to produce the BCT score. Correlations 
were conducted to evaluate the relationship between popularity (number of app downloads and 
user ratings) and the adherence index; and between popularity and app characteristics (number of 
BCTs, number of app features). Correlations were conducted using non-parametric tests (Kruskal 
Wallis and Spearman’s rho) because of our data was not normally distributed.  
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Results 
 After applying the eligibility criteria of our review and including patient-facing dental apps from 
the peer-reviewed literature, we identified 52 patient-facing dental apps; 15 iOS dental apps and 
37 Android dental apps (Figure 3.4 and Figure 3.5). Of the included apps, five were identified 
from the peer-reviewed studies (Paper 1; Table 3.3): ToothSense, Colgate Connect, Dental 
Trauma First Aid, Brush DJ, and BruxApp (Al-Musawi et al. 2017; Bracci et al. 2018; Iskander 
et al. 2016b; McKenzie and Pretty 2018; Nolen et al. 2018). In regards with dental apps that were 
published in literature review studies, we identified 27 apps in one review where all appeared in 
our search in app stores (n=27) (Tiffany et al. 2018b). Twenty apps in Android, and seven apps 
in iOS (Figure 3.4 and Figure 3.5). We also identified three additional apps from three different 
review studies that reviewed orthodontic and dental trauma apps (Baheti and Toshniwal 2014; 
Gkl et al. 2018; Gupta and Vaid 2017) (Table 3.4). The apps included BracesHelp (formally 
called iBrace Help) (Baheti and Toshniwal 2014), BraceMate (Gupta and Vaid 2017), and 
Orthodontic app (Gkl et al. 2018).  
Of the included patient-facing dental apps, 15 were available in the iOS app store (28.8%), and 
37 were available in Google Play app store (71.2%). The country of origin was mentioned in 39 
dental apps (75%), and the remaining 13 apps’ countries were either not mentioned or can’t be 
established from the app information or accompanying website links (25%). Although our app 
search was conducted in USA app stores, the identified dental apps were developed in different 
countries other than the USA (Table 3.6).  
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Table 3. 6 Country of identified patient-facing dental apps 
App Country Frequency n (%) 
N=39 
USA 16 (41) 
UK 6 (15.4) 
Australia 2 (5.1) 
India  2 (5.1) 
Italy 2 (5.1) 
Poland 2 (5.1) 
Netherlands 2 (5.1) 
Other: Canada, Ireland, Israel, Japan, Malaysia, Sweden, Ukraine 1 (2.6) 
Our inclusion criteria included only no-cost patient-facing dental apps. Of the 52 dental apps 
identified, the number of apps that offered all their features at no-cost was 41 (79%). Six apps 
offered in-App purchases (11.5%) such as access to “premium” app features (e.g., tracking 
toothbrushing behavior or removal of advertisements). Four dental apps required the purchase of 
a connected toothbrush (7.7%; (Philips Sonicare, Colgate Connect, Oral-B, and Kolibree apps). 
One app required the purchase of a whitening device which is GLO whitening dental app (1.9%). 
In addition to identifying the app price, we found that 40.4% contained advertisements (n= 21).  
For the popularity metrics listed in both app stores, 48 patient-facing dental apps have star-
ratings and four iOS apps were not rated. Out of the 48 apps, the median star rating was 4.1, and 
ranged from one to five stars. The median number of individuals rating dental apps was 64, and 
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the number ranged from one to 36000 users. The apps’ download number was only available in 
Google Play app store, and it ranged from 1000+ to 10,000,000+ installations (Table 3.7).  
Table 3. 7 The number of downloads for Android patient-facing dental apps 
Categories of the number of downloads Frequency n (%) 
N=37 
1001 to 5000 11 (29.7) 
5001 to 10,000 3 (8.1) 
10,001 to 50,000 10 (27) 
50,001 to 100,000 3 (8.1) 
100,001 to 500,000 6 (16.2) 
500,001 to 1,000,000 1 (2.7) 
1,000,001 to 5,000,000 2 (5.4) 
10,000,001 to 50,000,000 1 (2.7) 
All Android dental apps (n= 37) targeted “everyone” as defined by Google Play app store rating 
system. “Everyone” indicates the app “may contain minimal cartoon, fantasy or mild violence 
and/or infrequent use of mild language”(Google Support 2019a).The rating of Android apps is 
assigned by developers, and it evaluates whether the app contains any objectionable content or 
not (e.g., sexual content, violence, drugs, gambling) not rating the suitability of the content to a 
specific age group (Google Support 2019b). The same concept of rating is found in Apple store 
(i.e., rating the maturity level of in-app content); however, the rating is categorized into different 
age groups (Apple Developer 2019). Out of the included iOS apps in our sample (n=15), seven 
apps targeted the age group 4+ years old (47%), six apps targeted the age group 12+ years old 
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(40%), and the remaining two apps targeted adults (age group 17+ years old) (13%). To 
determine the appropriate target audience of dental apps based on the suitability of content, we 
conducted our own coding. Out of the included patient-facing dental apps, 13 apps targeted 
“everyone” (25%), 25 apps targeted adults (48.1%), five apps targeted adults that also have 
component for parents and caregivers (9.6%), four apps targeted children (7.7%), three apps 
targeted both parents and children (5.8%), and the remaining two apps targeted parents and 
caregivers (3.8%). An example of a dental app that targets parents and caregivers is the “Baby 
Teething Free” app, where parents monitor the development of their children’s teeth. An 
example of dental apps that target both parents and children is the “Disney Magic Timer by Oral-
B,” in which children brush their teeth along with a timer to unveil a puzzle, and the parent 
guides them through the app and sets rewards for them when completing any oral hygiene 
behavior. An example of a dental app that targets adults in general along with parents and 
caregivers is “My Dental Care” app which includes general oral health topics, dental care during 
pregnancy, and children’s teeth care.  
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Types of Mobile Dental Patient-Facing Apps Available in Google Play and iOS App Stores 
In our review, we identified different types of patient-facing dental apps. The majority of apps 
were oral hygiene behavior apps such as toothbrush timers and connected apps (n= 16, 31%) 
(Figure 3.5). The next most frequent category was oral health knowledge and behavior apps (n= 
8, 15%). In addition to toothbrushing tracking features, these apps offered daily oral health tips 
or dedicated a section in the app to educate users about various topics of oral health such as tooth 
decay and gum diseases. One example from this category was the “ToothSense” app that 
targeted children and their parents. The app contained a video brushing timer for kids along with 
educational videos to educate parents about the importance of children’ teeth and how to take 
care of them. The next most frequent group of dental apps were patient-dentist communication 
apps (n= 6, 11%). These apps (e.g., Denteractive 24/7 Live Dentist) provided users with the 
ability to schedule dental appointments via the app, and to communicate with their dentists via 
in-app messages or video calls. Also, some of these apps educated users about different dental 
treatment procedures (e.g., dental fillings), and general oral health topics (e.g., caries 
progression). The next group of apps were home remedies (n=5, 9%) that covered the following 
topics: toothache, tooth cavities, mouth ulcers, and teeth whitening. One app in this category 
“Dental Desk” discussed various dental problems (e.g., bad breath, bleeding gums, and teeth 
stains) and provided users with both clinic and home remedies.  Other groups of apps included 
oral health knowledge apps that discussed specific oral health topics from an educational and 
behavioral change perspective. Apps in this group included the following: dental trauma apps 
(n=3, 6%), orthodontics apps (n=3, 6%), bad breath app (n=1, 2%), oral mucositis app (n=1, 
2%), and mouth cancer app (n=1, 2%) (Figure 3.5). We also identified a group of apps that 
focused on trackers other than toothbrush monitoring, (n=3, 6%) such as monitoring of teeth 
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whitening via a connected whitening device, recording daily symptoms of bruxism via answering 
app momentary surveys, and tracking teeth eruption via entering the child’s teething information 
into the app. In addition to these categories, we identified the following dental apps: two dental 
insurance apps (4%) that enabled users to search for local dentists, two dental visit game apps for 
children (4%), and a diet database and log app (2%) that educated users on healthy food options 
for oral health (FoodForTeeth—Food Database and Diet Diary app).  
Figure 3. 5 Types of Mobile Dental Apps Available in App Stores 
Characteristics of the Identified Patient-Facing Oral Health Apps 
Function of Patient-Facing Dental Apps 
The median number of functions across patient-facing oral health apps was 3, ranging from 1 to 
7 features per each app. The most common function across dental apps was the oral health 
educational content (n= 39, 75%) (Figure 3.6). The app content included oral health and hygiene 
information and daily tips. The second two most common features were a toothbrushing timer 






























(n=19, 36.5%), so users can insert dates of changing the head of their toothbrush or record their 
dental appointments. In regards of the number of app functions for each dental apps, the highest 
number was 7 features for “Philips Sonicare,” a connected toothbrushing app (Appendix 8).  
Figure 3. 6 The Prevalence of App Function Features Among Patient-Facing Dental Apps 
(N=52) 
Interactivity and Engagement Features of Patient-Facing Dental Apps 
Fifty-one patient-facing dental apps in our study contained interactivity and engagement features 
(98.1%). The median number of interactivity and engagement features across patient-facing oral 
health apps was 4, ranging from 0 to 9 features per each app. The most prevalent interactivity 
features among dental apps were the inclusion of general images (i.e., any image used for app 
aesthetics) (n=50, 98%), followed by customization settings (n=30, 58.8%), and the inclusion of 
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layout, language preferences, setting the amount of time for toothbrushing, selecting sounds to 
notify user to brush another part of the mouth, daily alerts to brush and floss their teeth, and 
dental visit reminders. Reminder features were present in 43.1 % of the included dental apps 
(n=22, 43.1%) (Figure 3.7). With regard to the number of interactive features for each dental 
app, both “Disney Magic Timer by Oral-B” (n=9 features) and “Toothy: Toothbrush Timer” 
(n=9 features) had the greatest number of features compared to other dental apps in our study 
(n=4 features) (Appendix 8). 
Figure 3. 7 The Prevalence of App Interactivity and Engagement Features Among Patient-
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Social Connectedness Features of Patient-Facing Dental Apps 
Thirty-three dental apps contained social connectedness features (63.5%). The median number of 
connectedness features across patient-facing oral health apps was one, ranging from 0 to 4 
features per each app. The most frequent form of social connectedness was through Facebook 
(n=22, 66.7%). Half of the dental apps enabled users to connect and share app information via 
Twitter (n=17, 51.5%) or other social media platforms such as Instagram (n=17, 51.5%) (Figure 
3.8). With regard to the number of connectedness features for each dental app, “BraceMate” 
contained most features (n=4) of all of the apps in the sample. 
Figure 3. 8 The Prevalence of App Social Connectedness Features Among Patient-Facing 
Dental Apps (N=33) 
Input and Sharing of Information Features of Patient-Facing Dental Apps 
Thirty-one dental apps contained input and sharing of information features (59.6%). The median 
number of Input and sharing of information features across patient-facing oral health apps was 
one, ranging from 0 to 5 features per each app. Personalized guidance and recommendations 
were the most prevalent feature across dental apps (n=24, 77.4%) (Figure3.9). Dental apps 
provided users with personalized oral health guidance according to their age and oral health 
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app, “BruxApp” contained most features (n=5). Users can manually enter daily reports about 
their bruxism symptoms into the app (manual recording feature). BruxApp automatically records 
users’ symptom data and provides them with behavioral content, such as the use of in-app 
messages to guide users to keep their teeth apart and relax their jaw muscles at times of 
symptoms. The summary of the tracking is displayed to users and can be sent to their dentists for 
follow up.  
Figure 3. 9 The Prevalence of App Input and Sharing of Information Features Among 
Patient-Facing Dental Apps (N=31) 
Technological Features of Patient-Facing Dental Apps 
Fifty-one patient-facing dental apps contained technological features. The median number of 
technological features across dental apps was 2, ranging from 0 to 6 features per each app. 
Almost all dental apps can function without the need to connect with the internet (n=48, 94.1%) 
(Figure 3.10). With regard to the number of technological features for each dental app, three 
connected apps (i.e., connected to a toothbrush via Bluetooth) included the highest number of 
technological features (n=6): Oral-B, Colgate Connect, and Philips Sonicare apps. In our review, 
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be connected with electric toothbrush except for one app “GLO Whitening” which is connected 
with a whitening device.  
Figure 3. 10 The Prevalence of App Technological Features Among Patient-Facing Dental 
Apps (N=51). 
Credibility 
Twelve patient-facing oral health apps contained links to credible health information (non-
commercial entity) (23%). These links directed dental app users to US-based dental association 
websites (n=3, 5.8%) such as the American Association of Orthodontics, American Dental 
Association (ADA), and American Academy of Pediatric Dentistry. Other links connected app 
users with UK organizations (n=3, 5.8%) such as the British Society of Pediatric Dentistry and 
the National Health Service NHS websites. Additional websites included oral mucositis 
foundations and dental trauma associations such as the International Association of Dental 
Traumatology and dental trauma guide website. The remaining links directed users to either 
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Dental App Development 
The majority of patient-facing oral health apps were developed by commercial app development 
companies (n=20, 39%), followed by health professionals/private practices (n=12, 23%), and 
commercial dental companies (n=6, 12%) such as Colgate, Oral-B, and Philips. Three apps were 
developed by dental insurance companies (6%) such as Delta Dental app. The remaining dental 
apps were developed by academic or affiliated teaching hospitals (n=2, 4%), professional 
organizations such as ADA (n=2, 4%), pharmaceutical company (n=1, 2%), and a research 
professional (n=1, 2%).  
App Learnability and Privacy Policy 
Our research showed a high number of dental apps with no accompanying tutorials (n=39, 75%). 
Only 13 apps out of 52 contained these guides that help users navigate and use dental apps 
(25%). Concerning privacy and security features, dental apps should include at least one privacy 
feature and one security feature to be considered as “safe” for users’ data in our study. Over 70% 
of dental apps failed to provide users with privacy and security features to protect their data 
(n=38, 73%) (Figure 3.11). For example, ToothSense app records users’ daily toothbrushing 
data. The app provides users with a sign-up option to login with an ID and password. However, 
the app does not provide users with any privacy policy terms that clarify how their personal data 
are being used in the app. Another example is BruxApp that helps users monitor the symptoms 
of bruxism daily, and this information can be sent to dentists for diagnosis. The app has no 
privacy policy available in either app store or within the app, nor does it have security options for 
users to protect their data. The type of security features found in dental apps in our review were 
the following: six dental apps included optional sign-up features for their users (n=6, 12%). 
Twelve dental apps required their users to create a login ID and password (n=12, 23%), and five 
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dental apps provided users with an option to sign-up with their social media accounts (n=5, 
10%). Other sign up options found in dental apps were login with email (n=3, 5.8%), login with 
a smartphone’s touch ID (n=2, 4%), and a login with a special code given by the users’ dentist or 
a dental practice (n=1, 2%). Concerning the privacy policy of dental apps, policy terms were 
found in the app store for 35 dental apps (67%), and within the app for 18 dental apps (35%).  
Figure 3. 11 Percentage of Patient Facing Dental Apps That Contain Privacy and Security 
Features (N=52). 
Behavior Change Strategies 
All of the apps in our sample contained at least one BCTs. The median number of BCTs across 
patient-facing dental apps was seven techniques, ranging from one to 19 BCTs per each app. The 
predominant techniques found in dental apps were the instruction on how to perform oral health 
behavior (n=40, 80.8%) followed by credible source (n=35, 67.3%), demonstration of oral health 
behavior (n=34, 65.4%), and prompts and cues (n=32, 61.5%) (Figure 3.12). With regard to the 
number of BCTs for each dental app, two connected apps included the highest number of 
techniques (n=19): Oral-B, and Philips Sonicare apps.  
n=14, 26.9%
n=38, 73%
Privacy & security features No privacy and security features
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We also coded whether the apps ‘partially’ or ‘fully’ employed the BCT.  The median score for 
patient facing dental apps was 14, ranging from a score of one to 38 per each dental app. 
Figure 3. 12 The Percentage of BCTs for Dental Patient-Facing Apps (N=52). 
BCTs varied by the type of dental app. Oral hygiene apps (n=16) were developed mainly for 
everyone (n=12, 75%), and contained 29 different types of behavior change techniques, ranging 
from one to 19 BCTs implemented in each app. The median BCT score for this type of dental 
apps was 14.5, ranging from one to 38 per each app. With regard to the prevalence of BCTs, all 
oral hygiene apps included the demonstration of oral hygiene behavior presented as in-app 
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that were displayed as toothbrushing reminder notifications or sound transitions that prompt 
users move the toothbrush from one side to another. Following that, “feedback and behavior” 
and “social reward” were present in 13 apps (81.3%). Toothbrushing, flossing, or rinsing 
behavior feedback was given to inform users about their progress and social rewards were given 
after performing the oral hygiene behavior (e.g., applause, badges or smiley faces). Twelve oral 
hygiene apps included the instruction how to perform the targeted oral hygiene behavior (75%).  
Dental trauma apps (n=3) targeted adults with an emphasis on parents and caregivers (66.7%) 
because of the critical role they play in managing dental injuries for children. Across all of the 
apps in this category, eight types of BCTs were identified, and the number implemented ranged 
from four to eight BCTs per each app. The median BCTs score for dental trauma apps was 14, 
ranging from 8 to 16 per each app.  All three dental trauma apps included the following behavior 
change techniques: instruction on how to manage different dental injuries, credible source, and 
presentation of information on health consequences. These consequences were presented via app 
images (BCT: salience of consequences). Also, the advice in these apps were provided by 
credible sources such as the International American Dental Traumatology. 
Orthodontic apps in our sample (n=3) targeted adults and parents/caregivers but mainly focused 
on adults (66.7%). This group of apps contained 13 types of BCTs ranging from three to eleven 
BCTs per each app. The median BCT score for orthodontic apps was 18, ranging from 6 to 22 
per each app.  All three orthodontic apps included instruction on how to perform either oral 
hygiene behaviors with braces or how to manage orthodontic emergencies such as problems with 
the wires or elastic rings. These are demonstrated in videos, animation and in-app images. The 
content of these apps was provided by credible sources such as orthodontists. 
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Oral health knowledge apps (n=3) discussed mouth cancer, oral mucositis and bad breath. Ten 
BCTs were identified in this group of apps, ranging from five to seven techniques per app. The 
median BCT score for knowledge apps was 12, ranging from 6 to 14 per app. These apps 
targeted adults and contained the following BCTs: instruction on how to perform oral hygiene 
behavior (e.g., oral care for users undergoing radiotherapy or chemotherapy treatment), 
information about health consequences (e.g., “oral care can reduce the severity of the pain of oral 
mucositis”), and contained credible sources, such as mouth cancer organization. 
Oral health knowledge and behavior apps contained less variety of BCTs (n=24) than the oral 
hygiene app group (n=29). The number ranged from five to 19 BCTs per each app in this group. 
The median BCTs score for this type of dental apps is 21, ranging from 6 to 38 per each app. All 
dental apps in this group contained instruction on how to perform oral hygiene behavior, and 
information about health consequences. Other techniques included Behavioral practice/rehearsal 
and habit formation (n=5, 62.5%) along with prompts/cues, and action planning (n=5, 62.5%). 
All these techniques work together to help app users develop a daily oral hygiene habit. 
Apps that focused on home remedies for dental caries, mouth ulcers, bad breath, teeth whitening 
and other dental issues (e.g., teeth sensitivity and restricted mouth opening) (n=5) contained 13 
types of behavior change techniques, ranging from three to ten BCTs implemented per each app 
in this category. The median BCT score for home remedy apps is 8, ranging from 6 to 15 per 
each app. These apps included the instructions how to use home remedies to relief toothache, 
mouth ulcers, or remedies to whiten the teeth.  BCTs included information about health 
consequences (e.g., using cloves can prevent cavity from spreading – Tooth Decay& Cavities 
Remedies app). 
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Dental insurance apps (n=2) contained 11 types of BCTs ranging from three to ten BCTs per 
each app. The median BCTs score for this type of dental app is 15, ranging from 12 to 18 per 
each app. These apps included instructions on how to perform oral hygiene behavior techniques. 
App content was provided by credible sources which included dental insurance companies, Delta 
Dental and United Concordia Dental Mobile apps. Both apps included the unspecified social 
support behavior change technique, which is a feature of searching local dentists by insurance or 
specialty. 
Patient-dentist communication apps (n=6) contained 17 types of BCTs ranging from three to 
thirteen BCTs implemented in each app. The median BCT score for patient-communication apps 
is 14, and ranging from 6 to 26 per app. These apps were designed/developed by private dental 
practices, mobile dental clinic and dentists (credible sources). They all contained the “practical 
social support” BCT where users can communicate directly with dentists through in-app 
messaging or live video calls. Also, the majority of these apps contained prompts and cues (n=5, 
83.3%), and action planning BCTs (n=4, 66.7). Users are able to set reminder alerts for dental 
appointments, and the app will send them notification messages when the date of the dental visit 
is approaching. 
Other oral health tracker apps such as “Baby Teething Free” and “GLO Whitening” target 
parents and adults. Tracker apps contained 12 types of BCTs ranging from one to eight BCTs 
implemented per each app. The median BCT score for health tracker apps is 14, ranging from 2 
to 16 BCTs per app. These apps included the following BCTs: self-monitoring of behavior, 
credible source, action planning, and prompts and cues. For example, users can monitor their 
teeth whitening, set reminders, and receive notifications to wear the whitening device “GLO 
Whitening.”  
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Adherence of Patient-Facing Oral Health Apps to Dental Evidence-Based Guidelines 
 We coded whether apps met evidenced based guidelines in the following areas: oral care 
recommendations, dietary recommendations, substance abuse, and professional care 
recommendations. The median number of evidence-based recommendations identified in our 
sample of dental patient-facing apps is 3.5, ranging from 0-29 per app. We assessed the 
adherence of mobile dental apps to evidence-based guidelines and found that the median score 
for dental apps for was 5.5 (range 0-52).  
The adherence of all dental apps was evaluated against each of the four mentioned parameters of 
evidence-based recommendations except for dental apps targeting children (n=45 apps contained 
all recommendations domains). We assessed the adherence of apps for children against three 
parameters excluding the substance abuse recommendations because they do not apply to this 
category of apps (n=7).  
The first parameter included ten oral care recommendations. The median number of oral care 
guidelines across dental apps was 2 (range 0-10) (mean=2.35, SD=2.74). Only thirty-three dental 
apps contained oral care recommendations (63.5%), and twenty-five apps fully included these 
recommendations (48.1%). One app included all the recommendations, “United Concordia 
Dental Mobile” which is a dental insurance app. “Brush DJ,” “My Dental Care,” and 
“ToothSense” included nine oral care recommendations. The most prevalent recommendation 
used by all dental apps was brushing teeth twice daily (Table 3.9).  
For dietary recommendations for oral health, we assessed the adherence of dental apps to 16 
recommendations. The median number of dietary guidelines among the included dental apps was 
0 and it ranged from 0-12 (mean=1.37, SD=2.47). Only twenty-three dental apps contained 
dietary recommendations (44.2%), and 18 apps fully included these recommendations (34.6%).  
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One dental app covered twelve recommendations, “My Dental Care” followed by “Brush DJ,” 
and, “United Concordia Dental Mobile” apps. The focus on eating a variety of healthy food was 
prominent as over 70 % of these dental apps included this recommendation (n=13, 72.2%) (Table 
3.8).  
We also assessed dental app adherence to five substance abuse recommendations. Nine dental 
apps targeting parents, children, or both were not applicable to substance abuse 
recommendations and were excluded from this analysis. The number of dental apps included for 
substance abuse was 43 apps (82.7%). The median number of substance abuse recommendations 
across the included dental apps was zero, ranging from 0-3 (mean=0.6, SD=1.09). Only twelve 
dental apps out of 43 contained substance abuse recommendations (26.7%), and ten apps fully 
included these recommendations (23.3%). The highest number included in each app was three 
such as in “Mouth Cancer” app that discussed about avoidance of smoking.  
For the professional care recommendations, we assessed dental app adherence to eight 
professional care recommendations. The median number of professional care recommendations 
across dental apps was zero ranging from 0-6 guidelines (mean=1.02, SD=1.6). Only twenty-five 
dental apps contained professional care recommendations (48.1%), and 18 apps fully included 
these recommendations (34.6%). The highest number was six recommendations per app as in 
“My Dental Care” app that discussed about dental home and visits. (Table 3.8). 
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Table 3. 8 Dental evidence-based guidelines that were fully included in dental apps 
Guidance Topics 
N= no. of apps  
Apps covering 





24 (96) Brush twice daily 
17 (68) Floss once daily 
15 (60) Use fluoridated toothpaste 
5 (20) Parents/caregivers should brush their children 
teeth (6m+-8 years) 
5 (20) Brush teeth as soon as the first primary tooth 
erupts (at approximately 6 months of age)  
4 (16) Use a pea sized amount of fluoridated toothpaste 
(3-6 years old) 
4 (16) Spit, don’t rinse with water after brushing teeth 
4 (16) Brushing should be supervised by a parent/carer 
(school age children: 5-8 years old)  
4 (16) Use smear (rice-sized) layer of toothpaste for (1-3 
years old) 
3 (12) Clean the infant’s gums with a soft clean damp 




13 (72.2) Eat a variety of healthy foods 
6 (33.3) Limit frequency of sugary food and drinks, 
especially between meals 
5 (27.8) Juice should be limited or eliminated 
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3 (16.7) Drink water containing fluoride (e.g. tap or bottled 
water that contains fluoride) 
2 (11.1) Breastfeeding prior to 12 months of age 
2 (11.1) Avoid bottle-feeding after one year of age 
2 (11.1) Substitute sugar- containing foods and beverages 
with alternatives that are less cariogenic 
2 (11.1) Switch to a cup by age 3 years 
2 (11.1) Avoid sugar containing foods and drinks after 
brushing at night 
2 (11.1) Use sugar-free medicines where possible 
1 (5.6) Avoid prolong bottle feeding or use of sippy cup 
with beverages containing sugar during the day or 
night 
1 (5.6) Do not dip a pacifier in sweetened foods (e.g., 




10 (100) Do not smoke (cigarettes or e-cigarettes) Do not 
use shisha pipes 
5 (50) Do not use smokeless tobacco (e.g. chewing 
tobacco) 
4 (40) Do not drink alcohol 
1 (10) Reduce alcohol consumption to lower risk levels 
(men <14 drinks/week, women <7 drinks/week) 





7 (38.9) Use properly fitted mouthguards (gumshield or 
mouth protector) when playing collisions and 
contact sports 
4 (22.2) Dental home no later than 12 months of age 
3 (16.7) Should Seek counseling for existing oral habits 
(e.g., fingernail biting, clenching, bruxism) (5-21+ 
years) 
1 (5.6) Children should stop oral habits (e.g. sucking 
habit) by age 3 years and younger 
1 (5.6) Children should receive dental sealants (6- 21 
years old) 
1 (5.6) should receive topical fluoride treatment every 6 
months (1-21 years old) 
Regarding the type of dental apps, we identified the common evidence-based recommendations 
stated in oral hygiene apps of our sample (n=16 apps). We found that only six apps of this 
category included oral care recommendations, three apps included dietary recommendations, one 
app included professional care recommendations, and one app included substance abuse 
recommendations (Table 3.9). The median adherence index of evidence-based recommendations 
in oral hygiene apps was 1.5 (range 0- 33). Of the 16 oral hygiene apps, the most frequent 
recommendation in all parameters was the following: brush twice daily (n=6, 37.5%), limit 
frequency of sugary food and drinks, especially between meals (n=2, 12.5%), do not smoke 
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(cigarettes or e-cigarettes) (n=1, 6.3%), and visit dentist regularly every 6 months (n=1, 6.3%) 
(Table 3.9).  









6 (100) Brush twice daily 
3 (50) Floss once daily 
3 (50) Use fluoridated toothpaste 
2 (33.3) Spit, don’t rinse with water after brushing teeth 
1 (16.7) Brush teeth as soon as the first primary tooth 
erupts (at approximately 6 months of age) 
1 (16.7) Parents/caregivers should brush their children 
teeth (6m+-8 years) 
1 (16.7) Brushing should be supervised by a parent/carer 
(school age children: 5-8 years old) 
1 (16.7) Use smear (rice-sized) layer of toothpaste for 
(1-3 years old) 
1 (16.7) Use a pea sized amount of fluoridated 




2 (66.7) Limit frequency of sugary food and drinks, 
especially between meals 
1 (33.3) Breastfeeding prior to 12 months of age 
1 (33.3) Avoid bottle-feeding after one year of age 
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1 (33.3) Switch to a cup by age 3 years 
1 (33.3) Use sugar-free medicines where possible 
1 (33.3) Drink water containing fluoride (e.g. tap or 








1 (100) Regular dental visits every 6 months. 
Non-Evidence Based and Iatrogenic Oral Health Practices 
Nine patient-facing dental apps included non-evidence based and iatrogenic statements (n=9, 
17.3%). Some were home remedy apps (n=5) such as Tooth Decay& Cavities Remedies, 
Remove a Mouth Ulcer, and Teeth Whitening Naturally. The remaining apps were oral hygiene, 
oral health knowledge, and both oral health knowledge and behavior apps such as QuickBrush - 
Toothbrush Timer and Dental Care apps. Seven apps were commercially developed by non-
credible entities such as app development companies, and two were developed by health 
professionals including Dental Care-Target Smile and Dental Desk mobile apps. The non-
evidenced-based dental apps contained recommendations that have no or little scientific evidence 
or iatrogenic recommendations that could harm the oral tissues of users. These apps advise users 
to prepare various home remedies for different oral health problem such as cavity, gum bleeding, 
bad breath and ulcers. Remedies included the use of clove oil to relieve toothache, toothbrushing 
with baking soda and hydrogen peroxide to whiten teeth, or using charcoal with a toothpaste to 
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whiten teeth. (Table 3.10). The harmful effects of some of the listed recommendations in these 
apps could range from teeth wear, abrasion, tissues stain to mouth ulcers and burns.  
Table 3. 10 Non-evidence based and iatrogenic oral health practices N=9apps. 
 Use clove oil to relieve tooth pain
 Mix baking soda with or without lemon to whiten your teeth
 Mix turmeric powder with mustard oil and massage tooth and gums
 Mix nutmeg powder with clove oil or oregano oil and leave it on the affected tooth for 10
minutes 3-4 times/daily
 Brush your teeth or swish your mouth with activated charcoal to whiten your teeth
 Use Aspirin to prevent tooth decay
 Brush your teeth with coconut oil
 Brush your teeth with a mix of cream of tartar, ripe of strawberries and a tablespoon of
backing soda
 Drink wheatgrass juice daily on an empty stomach to fight cavities
 Mix garlic with salt and leave it for 10 min on the affected tooth
 Oil pulling: swish with sunflower or coconut oil for 20 minutes daily in the morning on an
empty stomach
 Suck on ice chips or drink cold water over the day to promote healing of canker sores




Oral Health Literacy   
The oral health literacy was evaluated by entering the in-app educational content into an 
automatic readability website (Brian Scott 2019). The result was a consensus of eight formulas 
that assessed different metrics of readability such as the average sentence length, average number 
of words per sentence, average number of syllables per word, average grade level, and number of 
sentences. Sixteen dental apps had no text or no enough text to assess the readability (n=16, 
30.8%). Therefore, we evaluated 36 apps. The average grade level, reading age, and text 
difficulty for oral health patient-facing apps are displayed in Table 3.11.  
The average reading level for the content of quarter of dental apps was standard/average (n=10, 
19.2%). Examples from this category were orthodontic and dental trauma apps. Only the content 
of eight dental apps were either easy to read or fairly easy to read. This group of dental apps 
were suitable for the following grade levels: 4-5th grade (n=1, 1.9%), 5-6th grade (n=1, 1.9%), 
and 6-7th grade (n=6, 11.5%). Examples included connected dental apps with either a toothbrush 
or a whitening device. The most difficult dental app to read was the Brush DJ (readability=23, 
college graduate) (Table 3.11).  
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Table 3. 11 The readability of patient-facing dental apps 
Grade Level Reading Level Reader's Age Apps n (%) 
N=52 
5 (Fourth and Fifth graders) easy to read 8-9 yrs. old 1 (1.9) 
6 (Fifth and Sixth graders) fairly easy to read 10-11 yrs. old 1 (1.9) 
7 (Sixth and Seventh graders) fairly easy to read 11-13 yrs. old 6 (11.5) 
8 (Seventh and Eighth graders) standard / average 12-14 yrs. old 10 (19.2) 
9 (Eighth and Ninth graders) fairly difficult to read 13-15 yrs. old 3 (5.8) 
10 (Ninth to Tenth graders) fairly difficult to read 14-15 yrs. old 3 (5.8) 
11 (Tenth to Eleventh graders) fairly difficult to read 15-17 yrs. old 6 (11.5) 
12 (Twelfth graders) fairly difficult to read 17-18 yrs. old 3 (5.8) 
16 difficult to read College graduate 1 (1.9) 
19 very difficult to read College graduate 1 (1.9) 
23 very difficult to read College graduate 1 (1.9) 
Total 36 (69) 
The Association of the Characteristics of Dental Patient Apps with Their Content 
We conducted non-parametric correlation tests between app popularity (e.g., number of 
downloads) and number of app characteristics, number of BCTs and evidence-based 
recommendations (Table 3.12). We assessed the correlation for apps from both operating 
systems, iOS and Android. Kruskal-Wallis Tests were conducted to examine the relationships 
between the number of downloads for Android apps and number of app features, number of 
downloads and number of BCTs, and number of downloads and evidence-based guidelines. The 
total number of Android apps was 37 (71.2%). No significant correlations were found (adherence 
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index- H = 5.2, p= 0.64, df=7), (number of BCTs, H = 6.96, p= 0.43 df=7) among the download 
categories of Android apps. There was a non-significant trend for a positive relationship between 
app downloads and number of app technological features (H = 13.5, p= 0.06, df=7), and between 
app downloads and number of app interactivity and engagement features (H = 12.9, p= 0.08, 
df=7) (Table 3.12).  
Table 3. 12 The association between app characteristics with app popularity 
Popularity (no. of downloads) 
n=37  
Popularity (user ratings) 
n=11 
Adherence Index 5.2 0.14 
Number of BCTs 6.96 0.09 
Number of app features 
Function criteria 7.6 0.50 
Interactivity & engagement 
criteria 
12.9 0.12 
Connectedness criteria 9.5 0.02 
Input & sharing criteria 6.02 0.57 
Technological features criteria 13.5 0.11 
*P<0.05
** P<0.01
Spearman correlation tests were conducted for iOS apps to examine the relationship between 
star-ratings and number of app features, star-ratings and number of BCTs, and star ratings and 
evidence-based guidelines. The total number of iOS apps was 11 (21.2%) after excluding four 
apps with no ratings from our analysis. No significant correlations were found between star 
ratings and the adherence index (rho= 0.14, p=0.68), between star ratings and number of BCTs 
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(rho= 0.09, p=0.80). There was a non-significant trend for a positive relationship between star 
ratings and number of Input & sharing features (rho= 0.57, p=0.07) (Table 3.12).  
Discussion 
This review aimed at characterizing and assessing the quality of patient-facing dental apps 
available in popular app stores, iOS and Android. Many previous review studies were conducted 
on medical app, and only one recent study evaluated the content of dental apps (Tiffany et al. 
2018b). We conducted a comprehensive systematic review in app stores using 42 to 43 oral 
health keywords compared with Tiffany et al. study where authors used only eight keywords 
(Tiffany et al. 2018b). The scope of their study was limited, as their study focused only on oral 
health promotion apps that targeted adults (Tiffany et al. 2018b). Our review focused on patient-
facing apps that targeted all age groups, and discussed various oral health topics and dental 
interventions including mouth cancer and bruxism. We used an innovative method for 
identifying key words most commonly used by people performing searches in app stores (i.e., 
Google trends). We identified and assessed the content of 52 dental apps from both iOS and 
Android app operating systems.  The previous review on dental apps only included 33 dental 
apps (Tiffany et al. 2018b). There are several differences between our study and Tiffany et al: 
two coded the number of BCTs present in apps, we coded adherence to evidence-based 
guidelines and presence of potentially iatrogenic content, and we examined the readability of in-
app content.  
The majority of our dental apps were developed by commercial app development companies 
(n=20, 39%), followed by health professionals and dental companies as in the Tiffany et al study. 
Regarding app features, our study found that 32.3% of included dental apps displayed 
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summarized information on oral health to users (feedback), which is similar to what was found 
by Tiffany et al (36%). Another method of feedback identified in our study was delivery of 
affirmations after performing the oral hygiene behavior or the use of badges (social rewards) for 
user achievements. Feedback on behavior and social rewards were common among dental apps 
(n=24, 46.2%). Other common features discussed in Tiffany et al were also common in our 
review but we found a greater frequency of occurrence. Features included customization settings 
(n=30, 58.8%), toothbrush timers (n=22, 42.3%), oral health educational content (n=39, 75%), 
alerts and reminders (n=22, 43.1%), tracking features, ability to communicate with dentist (n=10, 
19.2 %), and search for dentists (n=5, 9.6%).  The majority of the apps in our sample focused on 
oral hygiene behavior (n=24, 46%) such as toothbrush timers and connected apps. Of the 24 
apps, eight dental apps educated users about general oral health topics through a dedicated 
section in the app or daily tips and videos that can be displayed while users brush their teeth. The 
inclusion of both oral health content with oral hygiene behavior in dental apps may have the 
potential to effectively improve users’ knowledge and oral hygiene behavior. In one study, a 
dental app on oral health education used along with traditional methods (i.e., oral guidance) was 
effective in improving knowledge and oral health indices (i.e., oral hygiene index, gingival 
bleeding index) among adolescents (Marchetti et al. 2018a). Another recent study by Scheerman 
et al showed the effectiveness of an educational dental app on reducing plaque level among 
orthodontic patients (Scheerman et al. 2019). However, the effectiveness of these apps is not 
solely because of the app content; means of information delivery other than text such as the use 
of video or animation, and the incorporation of different features and BCTs in these apps also 
play a role in their effectiveness. Another study on educating patients about the complications of 
orthognathic surgery used an in-app interactive 3D animation that significantly improved the 
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knowledge and retention of patient information compared with using other traditional means 
(Pulijala et al. 2016).  Of the eight apps on oral health knowledge and behavior, Oral-B app, with 
over one million downloads, discussed all parameters of oral health recommendations 
(Adherence Index=18), and included 19 BCTs. On the other hand, Dental Care app, with a one 
thousand downloads, presented oral health information in a text format similar to a book. The 
app discussed several evidence-based recommendations from each oral health parameter 
(Adherence Index=33) compared to Oral-B (Adherence Index=18), and included only three 
BCTs. As noted, the content of apps and popularity greatly vary (million downloads vs thousand 
downloads) and the popularity is not indicative of the quality of app content. This is consistent 
with previous research on app reviews and ratings (BinDhim et al. 2015). Researchers could 
assess different components of dental apps, the frequency of these components, and which 
combinations would result in app effectiveness to change user behavior and improve their 
knowledge. Developers, however, are encouraged to use different means of information delivery 
to engage users and help them benefit from their apps.   
The next category included home remedies apps that represent 17% (n= 9) of the included dental 
app in our review. These apps included recommendations that were not based on scientific 
evidence or were harmful to users. These apps provided users with steps and demonstrative 
images about how to prepare and apply home remedies to cure oral issues such as toothache, or 
mouth ulcers. Recommendations often included abrasive and erosive contents that may damage 
users’ teeth and injure their tissues. For example, remedies include the use of vinegar, lemon, 
charcoal for toothbrushing to have whiter teeth. A recent study indicated the potential risks 
linked with this charcoal toothpaste that include its abrasiveness, harmful effects of its particles 
on users’ periodontal tissues and existing restorations  (Greenwall et al. 2019). Dentists should 
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evaluate the content of apps and refrain from prescribing apps with non-evidence-based 
recommendations to patients. Also, parents and caregivers should assess the content of apps 
before allowing their children to use them.  
Other findings in our review showed that 13 apps out of 52 contained clear instructions to 
consumers on how to use the dental apps (25%). Not all mobile apps are intuitive and easy to use 
especially when apps contain m6any features that require explanation such as connected apps. 
Tutorials are important to engage users quickly with apps so they can benefit from them.  
Of our sample (n=52), five dental apps were found in the peer-reviewed literature in the last four 
years (Paper 1), and all had positive outcomes (e.g., knowledge, usability, satisfaction, and user 
perception). Apps included ToothSense, Colgate Connect, Dental Trauma First Aid, Brush DJ, 
and BruxApp (Al-Musawi et al. 2017; Bracci et al. 2018; Iskander et al. 2016b; McKenzie and 
Pretty 2018; Nolen et al. 2018; Underwood et al. 2015). The sample of dental apps in our review 
were developed in different countries than in the USA such as Sweden and Italy. This provides 
users with varied options of apps developed in different parts of the world. This accessibility can 
enable users from underdeveloped countries to download high quality and well-developed apps 
where no developers live. Apps such as Dental Trauma First Aid was developed by a Swedish 
dentist, and it was certified by the International Association of Dental Traumatology (IADT) 
because of the high quality of its content (Dental Tribune International 2016). The app was 
translated into 18 languages and it is accessible to 67 countries where laypeople can use it in any 
setting (Dental Tribune International 2016). The penetrability of dental apps can also help 
advance research in mOralHealth field. Dental Trauma First Aid app was studied in two 
countries including Kuwait, where researchers assessed the effectiveness of the app in delivering 
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trauma management knowledge to schoolteachers in comparison with the traditional education 
methods used in schools (Al-Musawi et al. 2017).  
Our sample of dental apps had no financial costs to users except six apps offering in-app 
purchases, and additional four apps required the purchase of a connected toothbrush. Connected 
apps mainly developed by commercial dental companies such as Oral-B, Philips, Colgate and 
Kolibree. These apps can be combined with toothbrushes using Bluetooth. Oral-B developed 
another version of oral hygiene app (Disney Magic Timer) for very young children (less than 6 
years old) where parents can scan their kids’ toothbrush using smartphone camera. The number 
of features and techniques were lower in this app and the scope of tracking of oral hygiene 
behavior was limited compared with adult connected apps. However, the type of features used 
for children were different such as the use of augmented reality to engage this age group (i.e., 
interactive game where the object in the app can be merged with the users’ real-world setting at 
the level of their view). Other connected apps have very comprehensive tracking where the 
frequency, duration and surface coverage of toothbrushing were all recorded. Some of these apps 
can provide users with the ability to sync their toothbrushing behavior data when no connection 
is made at the time of brushing their teeth. Through app feedback, users can monitor their 
behavior and send their progress to their dentists. The nature of these apps creates a personalized 
oral hygiene experience and provides individualized recommendations that can help users 
improve their oral hygiene practices. More research is needed on the effectiveness of these 
features for clinical outcomes, such as level of dental plaque. One recent study by McKenzie et 
al. evaluated the effectiveness of tracking features present in a connected oral hygiene app and 
found significant improvements in duration of toothbrushing  (McKenzie and Pretty 2018). 
Additional research on technological features can provide dentists with important information 
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regarding their recommendations for all patients and also special populations, such as those with 
medical conditions (e.g., diabetes).  
Our review also found that over one-third of our sample of dental apps contained advertisements, 
eight of them targeting children. We noticed that these advisements can provide inappropriate 
content to children, and are focused mainly on sales. In our review, two dental apps about dental 
visits showed an advertisement before the child begins the game and other ads were displayed at 
the bottom of the screen during the entire app experience. Also, to unlock more dental tools such 
as different colors of toothbrushes and floss, the user should pay $5.99 per each (Tiny Dentist 
Office Makeover). Assessing the content of these two game apps, we found very little to no 
educational content on oral health and hygiene behavior. We also found that the age displayed in 
app stores (especially Google Play) can often be misleading. All our included Android apps 
targeted “everyone” as stated in the app store. Parents should be aware of the dental apps that are 
available for their children and try out the app to evaluate the appropriateness of their content 
prior to having their children use the app.  
For the popularity of dental apps, the median star rating across both operating systems was 4.1 
stars, and the number of individuals who rated dental apps ranged from one to 36,000 users. 
Users often perceive the quality of apps by looking at star ratings and app reviews (Nicholas et 
al. 2015). However, these metrics are not always indicative of the quality of app content as our 
findings indicate. For example, the game apps previously discussed (Tiny Dentist Office 
Makeover (iOS) and Children’s dentist (Android)) have star ratings of 4 and 4.1 respectively, 
and were rated by over 2,000 to 35,000 users. The in-app content was very poor as the adherence 
index scored 0-2 out of 78 for these two apps. The reviews of the apps can be misleading as they 
can be written by any publisher to advertise for their mobile apps (BinDhim et al. 2015).  
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While app popularity metrics might not indicate the quality of apps, they have a strong influence 
to motivate users to download the mobile app. Based on a US consumer survey (2015), 15% of 
users would a download mobile app if their rating was two stars, and 50% of users would 
download an app if their rating was three stars (Apptentive 2015). The percentage of users 
willing to download a mobile app increases by the number of star-ratings displayed in app stores 
(Apptentive 2015). Based on our criteria, we selected apps from the top 20 for each keyword 
since users most often do not browse beyond the first ten apps when searching app stores 
(Dogruel et al. 2015). Some key words (e.g., tooth, and dental emergency) in the iOS platform 
often resulted in displaying dental apps with no rating. However, apps with no ratings could have 
high quality content.  For example, FoodForTeeth—Food Database and Diet Diary app was 
developed by dentists to provide users with food options to have healthy teeth. The app enables 
users to search a food database for healthy alternative food options, and understand their dietary 
behavior by creating a diet log that can be shared with their dentists. The app ranked the top five 
out of 52 apps of our study with high score of evidence-based recommendations (adherence 
index=19), and scored higher than 44% of our apps in inclusion of behavior change techniques 
(BCTs score=14). Dentists, developers and organizations who develop high quality content 
dental apps should consider marketing and advertising for their apps so they can be discovered 
by users. Educating populations on oral health and changing their oral hygiene behavior will not 
happen if dental apps do not reach their users. It is also a responsibility to spread the evidence-
based trusted content to protect users from the effect of harmful non-evidence dental apps 
commonly available in app stores.  
With regard to privacy and security, some dental apps in our review do not require privacy and 
security features as the app is not collecting any information from users. One example is 
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“Brushing Up” which is an app that educates users about the management of oral mucositis. 
There is no collection or storage of user data. On the other hand, apps that collect any user data 
should be protected. Our review showed insufficient protection of user data for 38 dental apps. 
We found that some dental apps provide users with security features (e.g, sign up) but no privacy 
policy terms were available that could inform users how their data are being managed. We also 
found the opposite where the majority of dental apps provide users with privacy policy terms 
either in the app description or within the app; however, no security options were provided to 
users to protect their personal data. Some of these apps were of low risk that do not require 
sophisticated protection as no collection is made to users’ personal health information (e.g., 
name, address, email) or recoding of their location. Examples of these apps include informational 
apps or apps that record daily toothbrushing with no details on frequency, duration or surface 
coverage. Other apps were of high risk such as “BruxApp” that records patients’ symptoms to 
aid in the diagnosis of bruxism. Developers should highly consider privacy and security features 
and the scope of implementation according to the type of dental app they are developing.  
There are several limitations to our study.  One limitation that might affect the scope of our 
research was the assumption that people use the same keywords to find oral health websites to 
search for apps in App stores. The use of these keywords, identified by Google Trends, could 
miss some popular oral health apps used by people.  Another limitation was that the features of 
the app search were limited unlike the search engine for scientific databases such as PubMed. 
Using Boolean strategy was not feasible in app stores; adding “AND” or “OR” would result in 
no apps being displayed for some keywords. Also, the inability to extract the search into a 
spreadsheet and the change of results each time search was conducted made it challenging for the 
researcher to follow the PRISMA guidelines for systematic reviews. 
163 
To counter the aforementioned limitations, our search approach was planned to be a very 
comprehensive process. The author diversified the sources of search keywords to include a 
published research, common dental keywords, and experts’ opinions. Using the Google Trends 
tool, derived popular keywords were used for our search strategy. Of these keywords, over 40 
were entered in both app stores to uncover all available types of patient-facing oral health apps.  
Another limitation of our study was the inclusion of only no-cost apps for analyses. It is possible 
that paid apps might contain additional characteristics or unique features and behavior change 
techniques than apps with no financial costs. Some users are willing to pay for apps to have 
distinctive features; however, the majority of people download and use no-cost apps (Peng et al. 
2016). Also, there are few paid patient-facing dental apps in both app stores. Eight paid apps 
were excluded from Google Play and 45 paid dental apps were excluded in iOS store out of 
1,445 apps in total. Also, Tiffany et al. included paid apps and the frequency of the features and 
functions of the apps in their study is similar to ours. Strengths of our study include our 
comprehensive methods for the identification of apps, as well as the inclusion of dental apps 
across a wide range of dental specialties (n=52).  
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Conclusion  
This study is the first comprehensive review on patient-facing dental apps conducted in popular 
app stores, Google Play and iOS. The identified apps targeted different age groups including 
children and adults as well as parents and caregivers. Besides oral hygiene apps that were studied 
in a previous research, dental apps of our review covered a large scope in oral health including 
oral cancer, dental trauma, orthodontic, teeth whitening, dental insurance, dentist-patient 
communication and apps that track behavior. Our review characterized and described the 
features and characteristics of patient-facing dental apps to aid dentists, patients, and researchers 
in understanding the quality of available dental apps and which apps suit their needs. Our 
findings provide researchers, dentists and patients with insights about the level of app adherence 
to evidence-based recommendations, the presence and frequency of behavior change techniques 
and app features, the privacy and security measures available in dental apps, and readability of 
apps’ content. Based on these criteria, general users and patients can select the appropriate dental 
apps for their needs, dentists can prescribe high quality apps to their patients, researchers can use 
this as guidelines to evaluate specific app components and assess their effectiveness on users’ 
behavior in future projects, and developers can follow our criteria and recommendations to 
develop high quality dental apps.  
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CHAPTER 4. PROJECT 3: USABILITY OF POPULAR PATIENT SMARTPHONE 
APPS FOR ORAL HEALTH  
Study Rationale and Significance  
Currently, there are over 300,000 health apps in app stores, and approximately 1,000 new apps 
being developed every month (Research2Guidance 2013; 2017; Underwood et al. 2015). Despite 
the large number of apps, there has been limited research that focuses on assessing the quality of 
apps. Assessment of the quality of health apps is essential to ensure the credibility and safety of 
apps to consumers. The presence of low-quality content in health apps might encourage negative 
behavior that can harm the users (BinDhim et al. 2015). It is also critical to highlight the quality 
of apps to help consumers, patients, and providers in decision-making when selecting the right 
app for their health goals. Our study specifically aims at facilitating the selection of patient-
facing oral health apps by both the patients and dentists. Additionally, app developers will be 
able to benefit from our study results to update and enhance the content of existing dental apps.  
Literature on App Quality Assessment Methods  
A review of quality assessment methods for health apps used over the course of six years (2008-
2013) found that app quality is typically assessed according to the type of content found in the 
app description or from content included in the downloaded app (BinDhim et al. 2015). The 
review reported that app quality assessment was evaluated against a predefined list of criteria, or 
against evidence-based guidelines (Pandey et al. 2013). App descriptions have also been assessed 
for quality by adapting tools made for the assessment of websites, such as the health information 
best-practices checklist developed by the Health on The Net Foundation (Huckvale et al. 2012), 
user rating and reviews (Pandey et al. 2013), and the extent to which professionals are involved 
in the development of the app (Rosser and Eccleston 2011). Users also measure  app quality from 
“star”-rating tool and reviews in the app store (Nicholas et al. 2015). However, both are not 
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scientifically based and can mislead consumers as ratings and reviews could be given by any 
publisher to advertise their app (BinDhim et al. 2015). Research has found that, for app reviews, 
consumers mostly comment on app attractiveness, stability, and compatibility (Fu et al. 2013 ). 
Thus, user ratings and reviews do not actually demonstrate the user’s ability to perform a 
positive health behavior or represent the user’s achievement of a health goal.  
“In-app” content analysis (content derived after downloading the app) is more informative and 
indicative of app quality than analyzing descriptions on the app store page. Current methods of 
app quality assessment have focused on analyzing in-app content rather than just descriptions 
(Bardus et al. 2016; Hoppe et al. 2017). Some studies evaluated the quality of health apps 
through analyzing the frequency and combination of behavior change techniques (Bardus et al. 
2016; Hoppe et al. 2017). The use of a variety of behavior change techniques in health mobile 
apps was found to be linked with higher app quality (Bardus et al. 2016; Hoppe et al. 2017). One 
review highlighted the BCTs and app features that were correlated with higher quality weight 
management apps (as measured by the type of BCTs and type of app features employed). 
Features included monitoring through automatic tracking, receiving social support, engaging 
with the community, and using notifications through prompts and cues (Bardus et al. 2016). 
Another study assessed apps focused on diabetes and found that a particular combination of 
BCTs called the ‘optimum BCTs’ were potential predictors to high quality apps as well (Hoppe 
et al. 2017).  
Emerging quality assessment tools and frameworks are being developed to evaluate the quality 
of health apps. These tools can be used independently by researchers, practitioners, developers, 
or patient themselves. The tools are the following: guiding principles by the Canadian Medical 
Association (CMA) (Canadian Medical Association 2015). Royal College of Physicians 
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checklist (Wyatt et al. 2015), app chronic disease checklist (ACDC) (Anderson et al. 2016a). and 
mobile app rating scale (MARS) (Stoyanov et al. 2015). The first tool was designed for 
physicians to help them evaluate and recommend health apps to patients. The CMA contends 
that clinicians should consider seven principles when assessing the quality of health apps: 
endorsement by a recognized medical or a professional organization; the usability of apps 
(defined as ease of use of app functionality and interface), the reliability of information; privacy 
and security; avoidance of conflict of interest; not contributing to fragmentation of health 
information (i.e., storage of users health information in different platforms other than linking 
them to one source such as electronic medical records or patient portals),  and validation to have 
impact on patients’ health (Canadian Medical Association 2015). The second tool is an18-item 
checklist developed by the Royal College of Physicians in UK to help providers assess health 
apps. Questions asked about the structure, function and impact of apps (Wyatt et al. 2015) . The 
App Chronic Disease Check list (ACDC) has four constructs that are similar to MARS tool. The 
ACDC tool evaluates health apps based on engagement, functionality, ease of use, and 
information management (Anderson et al. 2016a). The ACDC tool was partially tested on asthma 
self-management apps compared to MARS that has been already validated for different 
categories of apps (Anderson et al. 2016a). The MARS tool was developed in 2015 by the 
Queensland University of Technology to assess the quality of mobile health apps. Apps are 
scored on the following domains: engagement, functionality, aesthetics, and information quality. 
The MARS tool was validated for mental health apps and other specialties but research is still 
needed to validate the tool for oral health apps (Stoyanov et al. 2015). Studies already used 
MARS tool to evaluate health apps in relation to engagement, functionality, aesthetics and 
information quality. This tool was adapted to assess the quality of mindfulness apps (Mani et al. 
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2015), smoking cessation apps (Patel et al. 2015), weight management apps (Bardus et al. 2016; 
Patel et al. 2015), medication adherence apps (Santo et al. 2016), and self-care apps (Anderson et 
al. 2016b). In the current study we used the MARS tool to assess the usability of oral health apps 
because the tool was developed by a multidisciplinary team with varied expertise in mHealth app 
development, interaction and interface design, and psychology (Stoyanov et al. 2015). The 
MARS tool was developed after conducting a comprehensive review in the literature and key 
usability websites (e.g., Nielsen Norman Group’s user experience (Nielsen Norman Group 
2019), and the healthcare information and management systems society (HIMSS 2019)) of web- 
and app-related quality assessment tools where their criteria were extracted and adapted to 
assessing mobile health apps. Another reason of selection of MARS in our study was the 
multidimensional nature of the scale quality indicators that include app engagement, 
functionality, aesthetics and information quality. Additional reasons included the ease of use of 
MARS after completion of a short training, the simplicity and objectivity of this measure and its 
reliability as demonstrated by the high inter-rater reliability scores in previous evaluations of 
health apps (Stoyanov et al. 2015). Lastly, the tool was comprehensively utilized in the published 
literature assessing apps from different specialties such as in smoking cessation, weight 
management and other medical apps as previously mentioned (Bardus et al. 2016; Patel et al. 
2015).   
Assessing the quality of apps using MARS necessitates the understanding of ‘usability’ to 
accurately rate health apps. ‘Usability’ means how effective, efficient, and satisfied users are 
with accomplishing tasks using the mobile application (Schoeffel 2003). These were also the key 
elements of usability defined by ISO9241-11 (Sarkar et al. 2016). Other aspects of usability 
include understandability, learnability, attractiveness and operability. The later was most 
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frequently evaluated criteria in apps (Schoeppe et al. 2016). In short, usability means that users 
are able to use their apps to achieve their health goals without any frustrations, and accurately 
and quickly complete the health activities specified in their apps. Assessing usability of mobile 
apps is crucial inasmuch as usability influences the user’s perception of how beneficial the app is 
to them. A high degree of usability also encourages app adoption and engagement since 
engagement is a part and one characteristic of usability (Whitney Quesenbery 2001). 
Engagement elements include the following: visual appeal of health information, types and 
functions of media and app features used, app interface and type of interaction used (i.e., game 
vs simple menu app), and readability and design of in-app text (Whitney Quesenbery 2001). The 
effective use of those elements along with other aspects of usability will maintain the 
relationship of users with health apps thus help them reach their goal. Engaged users are more 
likely to perform and change their health behaviors in comparison to other users (Anderson et al. 
2016b).  
MARS Tool: Selection Rationale and Validation Method  
Our study will use an expert-based usability method (MARS scale) to assess the usability of app 
functions to users  (Stoyanov et al. 2015). MARS is selected because it is simple, valid and 
reliable tool for health app assessment when compared to other available tools. Researchers with 
a background in psychology and experience in mobile app development and information 
technology assessed the validity and reliability of MARS scale via rating 50 mental apps. The 
evaluation of the psychometric properties of the scale showed an acceptable to high value scores. 
The internal consistency of MARS total and subscales scores were high (Cronbach’s alpha (α) 
coefficients= .90 and .80–.89), and the inter-rater reliability and the convergent validity with 
app-store star ratings was fair to excellent (Stoyanov et al. 2015). The authors of MARS 
developed training videos to increase the confidence and agreement between researchers when 
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evaluating health apps. In our study, raters are two trained researchers who downloaded and 
tested a sample of dental apps to examine the degree of usability. To our knowledge, only one 
study assessed the usability of dental apps, and this study focused solely on dental education 
apps (An 2015). The researcher used both methodologies: heuristic evaluation (i.e., usability 
checklist) and interviews to assess two dental apps, Dentify and Toothflix (An 2015). The 
usability checklist used by An et al. was based on Peter Morville’s User Experience Honeycomb 
(Morville 2004) that examined each app according to the following dimensions: useful, valuable, 
credible, desirable, accessible, usable and findable (An 2015). Some issues found in these apps 
were related to interface and navigation problems such as lack of visuals and difficulty of finding 
some app options (An 2015).This is the only study on the usability of dental apps, and it 
employed an outdated instrument that was not designed initially for assessing the quality of 
health apps. Our research will focus on assessing the quality of oral health apps using a validated 
and reliable tool, MARS. 
Objectives and Research Questions 
The purpose of this study was to conduct a deep analysis to evaluate the quality of oral health 
apps that target patients from different age groups. We used the MARS scale (our quality 
measure) to assess dental apps published in the peer-review literature (apps discussed in Paper 
1), and only dental apps with high scores on behavior change techniques and evidence-based 
guidelines from paper 2. This study aimed to answer the following research questions illustrated 
in Table 4.1. This paper has the potential to guide the development of future dental apps and 
warrants the improvement of existing ones in app stores. The findings of this study will also be 
useful to dental practitioners who would like to recommend evidenced-based apps to their 
patients. 
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Table 4. 1 Research Questions 
No. Research question Motivation 
RQ1 What is the quality of dental apps, as assessed 
by the MARS and its subscales (engagement, 
functionality, aesthetics, and information 
provided)?  
Which quality domain is prevalent among 
dental apps targeting patients? 
To assess the quality of oral health 
apps using a validated tool, The 
Mobile App Rating Scale (MARS) 
To assess the highest and lowest 
domains of quality among different 
categories of oral health apps.  
RQ2 What are the characteristics of high-quality oral 
health apps?  
To identify which BCTs are included 
in high quality apps and their 
frequency  
To identify which technology-
enhanced features are included in 
high quality apps and their frequency 
RQ3 How are the characteristics of dental patient 
apps associated with their quality? 
A) To assess whether apps with
more features/BCTs are high in 
quality?  (correlation between BCTs 
and MARS score and between 
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number of features and MARS 
score) 
B) To assess whether app popularity
is associated with the quality of 
apps.  
Methods 
A) Identifying oral health mobile apps (Search strategy)
High quality patient-facing oral health apps identified in our previous papers (papers 1 and 2) 
were selected for the usability assessment in this study. These apps were either published in the 
peer-reviewed literature (paper 1) or found in the app store and scored high in our previous 
analyses (paper 2). For dental apps published in the peer-reviewed literature (paper 1), the main 
author (AQ) identified all patient-facing dental apps and included them for this study. The 
included apps were: BrushDJ, Colgate Connect, Dental Trauma First Aid, ToothSense, and 
BruxApp (Al-Musawi et al. 2017; Bracci et al. 2018; Iskander et al. 2016b; McKenzie and Pretty 
2018; Nolen et al. 2018). For dental apps evaluated in our previous analyses (paper 2), eligibility 




To identify high quality apps from paper 2, the main author removed dental apps with non-
evidence-based components (n=9). Then we selected apps with higher than the median scores for 
two dimensions of app characteristics, adherence index and BCTs (Table 4.2).  Lastly, we 
included apps with at least one privacy and one security feature. Two apps were excluded as 
illustrated in the (Table 4.2), and the final list included 6 dental apps from paper 2. The selection 
criteria were applied in order as illustrated in Table 4.2.  
Table 4. 2 Selection criteria of patient facing dental apps mentioned in paper 2. 
• Number of mobile dental apps published in the app stores (n=52)
• Removed nine dental apps with non-evidence-based guidelines (n=43 had Evidenced
based guidelines)
• Dental apps with adherence index score > 1.5 (n= 27 met the criteria)
• Dental apps with BCTs >14 (n=16 met the criteria)
• Dental apps with privacy and security features (n=8 had at least one privacy and one
security measures)
• Removed one dental app with no text for readability (n=7)
• Removed one dental app with limited access to all features (n=6)
• Total number of included apps (n=6)
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C) Data extraction (Quality assessment of patient-facing dental apps)
Our study used Mobile Rating Scale MARS tool for app quality assessment. MARS form was 
divided into three main sections (See Appendix 9): classification that included descriptive and 
technical information for each app, app quality ratings where each app was scored according to 
certain domain criteria, and lastly the app subjective quality section (4 items) where satisfaction 
of the app was rated. We only included the objective sections of MARS scale for the purpose of 
our study, and excluded the subjective section of the tool (i.e., the coder plays a role of an app 
user and answers whether to recommend/pay for the app or not). Previous research mainly 
assessed app quality using only the objective domains of MARS (McKay et al. 2019; Talwar et 
al. 2019).The MARS form has 19-items that address four quality domains: engagement 
(entertainment, interest, customization, interactivity, and target group), functionality 
(performance, ease of use, navigation, gestural design), aesthetics (layout, graphics, visual 
appeal), and information quality (accuracy of app description, goals, quality and quantity of 
information, visual information, credibility, evidence base) (Appendix 9). Each item is rated on a 
5-point scale where (1=inadequate, 2=poor, 3=acceptable, 4=good, and 5=excellent) (Stoyanov
et al. 2015). This tool was used to systematically appraise the included sample of patient-facing 
dental apps from papers 1 and 2. The MARS scale was selected because it is highly valid and 
reliable tool to assess dental apps of our study. It was validated previously in the literature on 
mental and other health apps (Anderson et al. 2016b; Patel et al. 2015; Santo et al. 2016; 
Stoyanov et al. 2015). Apps were evaluated and coded by the primary researcher (AQ) after 
completion of a video training sent from the authors of MARS scale (Stoyanov et al. 2015). The 
training took one hour where the author (AQ) watched a 37 minute-video, downloaded and 
coded the suggested app in the video for practice, and compared the coding results with the 
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training video. The coder was a dentist with background in dental public health. Dental apps 
were assessed on an iPhone 7 and an Android tablet. A coding manual was developed and 
modified during the coding process of dental apps (Appendix 10). The manual included 
definitions and adaptable criteria of MARS items specific for dental apps. This is to ensure a 
consistent intra-reliability and produce valid data for our study. Each app took 30 minutes to one 
hour for coding. After finalizing the coding manual, the author revised the coding results for the 
first coded apps to ensure consistency and agreement with the adaptable MARS criteria in our 
manual. The score of each domain of MARS was computed as the mean score of that domain. 
Then, the overall score of MARS was computed as the average across sub scores.  
D) Data analysis plan
The analysis included descriptive statistics consisting of frequencies (number, percentages, and 
means) of MARS domains for each dental app, number of behavior change techniques BCTs, 
and the number of features for the included dental apps. Study data was entered into Qualtrics 
Survey Software then exported to SPSS V25.0 and Excel V16.16.10 for analysis. Correlations 
were conducted to evaluate the relationship between the MARS scale and app characteristics 
(BCTs and app features); and between MARS scale and popularity (number of app downloads 
and user ratings). Correlations were conducted using non-parametric tests (Kruskal Wallis and 
Spearman’s rho) because of the small number of our data and it was not normally distributed.  
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Results 
After identifying patient-facing dental apps from the peer-reviewed literature (paper 1), 
and applying the eligibility criteria to select dental apps from paper 2, the final number of apps 
included for our analyses was 11. Of the included dental apps, eight were available in Google 
Play app store (72, 7%), and three were available in iOS app store (27.3%).  Seven apps were at 
no-cost for users (63.6%), and four apps required the purchase of a toothbrush (36.4%). 
Regarding the popularity measures of the included apps, ten dental apps had star ratings and one 
app was not rated (Bellaire Pediatric Dentistry). Out of the ten apps, the median star rating was 
3.7, and ranged from three to five stars (mean=3.7, SD=0.63). The median number of individuals 
rating dental apps was 142, and the number ranged from one to 19,000 users (mean=2310, 
SD=5906). The apps’ download number was only available in Google Play app store, and it 
ranged from 1000+ to 1000,000+ installations (Table 4.3).  
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Table 4. 3 The number of downloads for Android patient-facing dental apps 
Categories of the number of 
downloads 
Frequency n (%) 
N=8 
1001 to 5000 2 (25) 
10001 to 50000 2 (25) 
50,001 to 100,000 1 (12.5) 
100,001 to 500,000 2 (25) 
1,000,001 to 5,000,000 1 (12.5) 
Regarding the end user of the included dental apps, four apps targeted “everyone” (36.4%), four 
apps targeted adults (36.4%), and the remaining apps targeted the following users: parents and 
caregivers (n=1, 9.1%), parents and children (n=1, 9.1%), parents and adults (n=1, 9.1%). The 
types of the included dental apps included the following: five oral hygiene behavior apps 
(45.5%), two oral health knowledge and behavior apps (18.2%), and one dental trauma app 
(9.1%), one dental insurance app (9.1%), and one symptom tracker dental app (9.1%).  
The Prevalence of MARS Scale Dimensions Across Patient-Facing Dental Apps 
The average total MARS score across dental apps was 4.3 out of 5 with a range of 3.72 to 4.77. 
This result showed that the quality of all the included dental apps of our study were above the 
minimum acceptability score for MARS (3). Across all the included dental apps, Philips 
Sonicare had the highest mean total score (4.77). The next highest were Colgate Connect (4.65), 
Kolibree (4.56), BrushDJ (4.54), Dentacare - Health Training (4.44), and United Concordia 
Dental Mobile app (4.38).   
Regarding MARS domains, dental apps scored the highest in the functionality domain 
(median=4.25, range 3.5- 4.8) followed by engagement (median= 4.2, range 3.4- 5), aesthetics 
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(median=4, range 3.3- 5), and information (median=4.3, range 3.3- 5). All of the included apps 
were functional with or without minor problems. Some apps had missing links or confusing 
menu buttons but they work overall. We also assessed MARS by type of app. Oral hygiene apps 
had the highest functionality over all dental apps (4.75). Some oral health knowledge and 
behavior, and oral hygiene apps scored the highest in the engagement domain (5). These apps 
were all connected with toothbrushes as illustrated in Table 4.4.  Also, dental apps were well-
designed with professional and organized layout, and high-resolution graphics. The highest 
aesthetic score was for the following oral hygiene apps: Colgate Connect, Kolibree, and 
Dentacare-Health training (5). The last domain, information, had the lower scores across 
evaluated dental apps (3.29) which was for the symptom tracker app, BruxApp. The highest 
score was for United Concordia Dental Mobile app that presents oral health information for users 
via text and videos.  
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* Dental apps published in the peer-reviewed literature (paper1).
δ  The highest score across dental apps.
Characteristics of High-Quality Oral Health Apps 
All of the dental apps in our study contained at least seven behavior change techniques. The 
mean number of BCTs across our sample was 13 (SD= 4.7). Almost all of the sample included 
the following BCTs: action planning (n=10, 90.9%) where users can set daily reminders to 
perform oral hygiene practices, credible source (n=10, 90.9%) where app content is provided by 
trusted and credible sources to users, and instruction how to perform a behavior (n=9, 81.8%) 
that can be oral hygiene behavior or management of a dental injury (Dental Trauma First Aid 
app) (Figure 4.1). 
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Figure 4. 1 The Prevalence of App Behavior Change Techniques Among the Top Patient-
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Figure 4. 2 The Prevalence of App Function Features Among the Top Patient-Facing 
Dental Apps (N=11) 
Regarding the number of function features for our sample, the mean number was four (SD=1.4). 
Dental apps included three to seven function features. The most frequent feature was oral health 
educational content (n=10, 90.9%) followed by behavior tracking (n=7, 63.6%), and calendars 
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multimedia of images, videos, animation to demonstrate oral health knowledge or home 
remedies, emergency management 
Figure 4. 3 The Prevalence of App Interactivity and Engagement Features Among the Top 
Patient-Facing Dental Apps (N=11) 
With regard to engagement features, dental apps contained three to eight interactivity features. 
The mean number was six (SD=1.7). All dental apps in our study contained customization 
feature, and app general images to have an engaging interface. User can customize the app 
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Figure 4. 4 The Prevalence of App Social Connectedness Features Among the Top Patient-
Facing Dental Apps (N=11) 
For the connectedness features that enable users to connect with friends, and family, with 
dentists or with the support team of the app, one to three features were typical in our sample 
dental apps. The mean number of connectedness features across dental apps was 2.3 (SD=1). The 
most frequent feature was to connect and share with friends on Facebook (n=7, 63.6%) followed 
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186 
Figure 4. 5 The Prevalence of App Input and Sharing of Information Features Among the 
Top Patient-Facing Dental Apps (N=11) 
The mean number of input and sharing of information features was three (SD=1.4). The number 
ranged from one to five features per app. Almost all dental apps in our sample contained a 
personalized guidance and recommendation (n=10, 90.9%). Followed by summarized oral health 
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Figure 4. 6 The Prevalence of App Technological Features Among the Top Patient-Facing 
Dental Apps (N=11). 
For the technical feature of dental apps in our study, the mean number of characteristics was 3.7 
(SD=1.8). The technological features ranged from one to six features per app. The most common 
feature was the ability of the app to function without an internet access (n=10, 90.9%), followed 
by a push notification feature (n=8, 72.7%) (Figure 4.6).  
Evaluating each dental app in our sample, the Philips Sonicare app contained the greatest total 
number of features (n=24) and behavior change techniques (n=19). The next highest was the 
Oral-B app, which contained 19 behavior change techniques. Regarding the adherence index, 
United Concordia Dental Mobile app contained the largest number of evidence-based 
recommendations that covered all parameters of oral health including diet and substance abuse 
(n=47). The number of BCTs, features and the adherence index of the remaining apps are 













Basic function without web access (app functions
offline)
188 







































7 5 2 4 6 19 38 5 4.77 
2 Colgate 
Connect* 
4 8 3 3 6 14 28 1 4.65 
3 Kolibree 5 6 1 4 4 12 24 2 4.56 
4 BrushDJ* 3 8 3 1 3 8 15 33 4.54 
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3 3 3 1 1 7 14 2 3.89 
10 BruxApp* 3 5 1 5 3 7 14 0 3.80 
11 ToothSense* 3 7 2 4 3 17 34 25δ 3.72 
* Dental apps published in the peer-reviewed literature (paper1).
δ  Range 0-73 (substance abuse recommendations are not applicable)
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The association of the characteristics of dental patient apps with MARS scale 
Non-parametric correlation tests (Spearman test) was conducted between the number of app 
characteristics and the mean total score of MARS and its domains; and number of BCTs and 
mean total score of MARS and its domains. The results are displayed in Table 4.6. We assessed 
the correlation for apps from both operating systems, iOS and Android (n=11).  
Three significant correlations were found between the number of BCTs and the MARS mean 
engagement score (rho 0.65, p<0.05), the number of technological features and the MARS mean 
engagement score (rho=0.87, p<0.01), and the number of app technological features and the 
mean total MARS score (rho 0.60, p<0.05) (Table 4.6). There was a trend between the number of 
app interactivity features and the MARS mean engagement score (rho 0.61, p=0.05).  
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Table 4. 6 Correlations between app quality, number of app features and BCTs (N=11) 
Number 






























0.22 0.28 -0.30 0.41 -0.56 -0.09
MARS total 
score 
0.32 0.51 0.33 0.13 -0.13 0.60* 
Abbreviations: MARS mobile app rating scale, BCTs behavior change techniques 
**p < 0.01 
*p < 0.05
With regard with app popularity, a spearman correlation was computed to examine the degree of 
association between star ratings and the mean total score of MARS, and between the star ratings 
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and the mean scores of the four domains of the MARS. There was no correlation between user 
ratings and the mean total MARS scale (rho=-0.17, p=0.62), or its four domains (mean 
engagement score rho=0.16, p=0.64), (mean functionality score rho=-0.24, p=0.48), (mean 
aesthetic score rho=0.17, p=0.61), (mean information score rho=-0.39, p=0.23) (Table 4.7).  
Table 4. 7 The association between app quality (MARS) with app popularity 
Popularity (no. of 
downloads) n=8  
Popularity (user 
ratings) n=11 
MARS engagement score 5.6 0.16 
MARS functionality score 6.1 -0.24
MARS aesthetic score 6.8 0.17 
MARS information quality 
score  
2.8 -0.39
MARS total score 6.3 -0.17
Abbreviations: MARS mobile app rating scale 
Kruskal-Wallis Tests were conducted to examine the relationships between the number of 
downloads for Android apps and the mean total score of MARS, and the number of downloads 
and the mean scores of MARS four domains. The total number of Android apps was 8 (73%). No 
significant correlations were found (mean total MARS score, H = 6.3, p= 0.18, df=4), (mean 
engagement score H = 5.6, p= 0.23 df=4), (mean functionality score H = 6.1, p= 0.19 df=4), 
(mean aesthetic score H = 6.8, p= 0.15 df=4), (mean information score H = 2.8, p= 0.59 df=4) 
(Table 4.7).  
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Discussion  
This study evaluated the content and usability of patient-facing dental apps included from the 
peer-reviewed literature (paper1) and selected from our previous review in app stores (paper 2). 
We used an expert rating scale, MARS, to evaluate the usability of our apps (Stoyanov et al. 
2015). The tool was used comprehensively in medical app literature but no dental study yet has 
used this tool to evaluate the content of dental apps. The aim of this study is to identify high-
quality dental apps to help the public, patients and dentists select the appropriate and safe apps 
that will help them achieve their oral health goals. Analyzing the content of the top dental apps 
will motivate developers to improve the content of their apps or develop high quality apps 
following our key findings. Our study will also facilitate research in mOralHealth field and 
encourage researchers to further assess app features discussed in our study.  
Although we include only a small number of dental apps included in the current study (n=11), 
these apps are the top dental apps in quality that were identified from a comprehensive review 
and search in both the published peer-reviewed literature and popular app stores (iOS and 
Google Play) (Papers 1 & 2). In addition to examining dental apps in the literature, rigorous 
criteria were applied to ensure the selection of high-quality apps from our previous review (Paper 
2). Criteria included the following in order: 1) no iatrogenic or non-evidence-based statements 
should be present in the selected apps; 2) adherence to oral health, dietary, substance abuse and 
professional care recommendations, 3) the number of behavior change techniques, 4) the 
presence of at privacy and security features. The average total mean score across the included 
dental apps was 4.1 out of 5, and all scores were above the minimum acceptable level of MARS 
(score=3).  
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All apps in our study included at least seven behavioral change techniques, and one to three 
features from the following app characteristics domains: function (i.e., calendar, communication, 
symptom tracking), interactivity and engagement (i.e., components that engage users with the 
content of the app such as animation, music, audio, and customization), social connectedness 
(i.e., enable users to connect through social media platforms or in-app community forums), input 
and sharing (i.e., ability to record and monitor self-oral health behavior and receive feedback), 
and technological features (i.e., incorporating technological components that facilitate users’ 
behavior such as automatic tracker, and push notifications). Incorporating behavior change 
techniques are critical to achieve the goals of the app. These techniques can lead to behavior 
change among app users (Michie et al. 2015). Identifying the common techniques in our study 
would facilitate the replication of these high-quality apps. The common techniques used in our 
sample were action planning, instruction how to perform oral health behavior, demonstration of 
behavior, feedback and problem solving. Some techniques were similar to medical apps studied 
in previous research where physical apps contained reminders (action planning), demonstration 
of behavior, and provision of instructions, feedback and rewards on performing a behavior 
(Conroy et al. 2014; Middelweerd et al. 2014; Schoeppe et al. 2017; Yang et al. 2015). Previous 
studies assessed combination of BCTs and found some groups can effectively change people 
behavior (Dusseldorp et al. 2014). The following combination (optimum BCTs) was found to be 
effective in previous interventions: self-monitoring of behavior combined with at least one of the 
following goal setting, feedback on behavior, review of behavior goal, intention formation 
(Hoppe et al. 2017).  
In our study, six dental apps contained optimum BCTs including four connected apps (Oral-B, 
Kolibree, Colgate Connect, Philips Sonicare), ToothSense, and Dentacare - Health Training 
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apps. These apps contained self-monitoring of behavior with feedback. Two connected apps have 
additional BCTs that include goal setting and review of behavior goals. All six apps with 
optimum BCTs in our study had the highest number of behavior change techniques ranging from 
12 to 19 techniques per each app as well as the number of app features ranging from 19 to 24. 
The total mean score of MARS for the top six dental apps ranged from 3.72 to 4.77, and this was 
significantly correlated with the number of app technological features. Also, number of BCTs 
was significantly correlated with the mean engagement score of MARS meaning more user 
engagement, and thus may lead to behavior change. Our findings are consistent with previous 
research that apps with optimum BCTs had more functions and a greater number of BCTs 
(Hoppe et al. 2017). The combination of BCTs (e.g., optimum BCTs) can predict the quality of 
mobile apps (Hoppe et al. 2017).  
The lowest MARS mean score was for ToothSense and this might refer to the implementation 
and delivery of BCTs in the app. Typically connected apps have the greater number of BCTs and 
include automated self-monitoring of toothbrushing behavior via a connected toothbrush, 
feedback is displayed in the app, and a report-format to be shared with dentists. ToothSense on 
the other hand, includes video timers that automatically record user’s behavior when they 
complete watching the video till the end. Feedback appears as charts that might be complicated 
for some users to interpret. Researchers can further assess the optimum BCTs in dental apps and 
their effectiveness on users’ clinical outcomes. Also, developers can implement these techniques 
into their apps to ensure their high quality.   
The average number of BCTs used in health apps ranged from four to eight (Conroy et al. 2014; 
Direito et al. 2014; Middelweerd et al. 2014; Schoeppe et al. 2017) whereas in our study, dental 
apps contained seven to 19 BCTs. Some studies found that an increased number of BCTs and 
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features were associated with high quality of apps whereas other found the opposite (Schoeppe et 
al. 2017). In the current study, we found that the connected apps have the higher number of 
BCTs (12-19 techniques). This is another area that was heavily studied in literature on medical 
apps but no research yet was found for dental apps. 
The limitation of our study included the small number of apps in our sample. This limits the 
generalization of our results. However, the selected apps contained the highest number of app 
criteria across all dental apps in our previous analyses (paper 2). The findings of our study can 
guide future research to assess the usability of dental apps in with a large sample. Another 
limitation was the limited resources of our study. Only one researcher (the main author) coded 
apps in this study following the guidelines of MARS authors (Stoyanov et al. 2015). However, to 
ensure the validity and reliability of our data, a coding manual was developed to ensure intra-
rater reliability coding of apps. After modifying the coding manual to adapt to dental apps, the 
coding results of all dental apps were revised to ensure consistency of our data.  
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Conclusion 
This study assessed the usability of patient-facing dental apps selected from the published peer-
reviewed studies (paper 1) and dental app review in app stores (paper 2). The apps we selected 
ranked high in adherence to evidence-based guidelines and the number of features and BCTs. All 
dental apps in this study were high in quality based on MARS measure (score>3.70). Connected 
apps were the top in quality across all dental apps for its unique implementation of features and 
techniques. Dentists can recommend these apps to aid patients to achieve their oral hygiene 
goals. The follow-up and feedback features of these apps can facilitate dental care to users from 
different age groups and health needs especially medically compromised patients. The 
identification of the components of high-quality dental apps can facilitate replication of these 
apps by developers. Also, advance research to assess the impact of these components in clinical 
settings.  
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CHAPTER 5. APPENDICES 
1- Search strategies and results from different electronic databases (Project 1)
2- Coding sheet (Project 1)
3- Coding manual (Project 1)
4- Coding book (Project 2):
a. Coding manual (Project 2)
b. Definition of BCTs (Project 2)
5- Coding sheet (Project 2)
6- Search strategies and results from app stores (Project 2)
7- Evidence-based strategies (Project 2)
8- MARS scale (Project 3)
9- Coding manual (Project 3)
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Search Keywords and Output (Project 1) 
Database Search strategy Articles 
retrieved 
PubMed (((jsubsetd[text])) OR ((((("dentistry"[mesh] OR Dentistry[tiab] OR 
dentistries[tiab] OR dental[tiab] OR oral[tiab] OR teledentistry[tiab] 
OR tooth[tiab] OR teeth[tiab] OR mouth[tiab] OR mouthes[tiab] OR 
"Oral Health"[Mesh] OR "Oral Hygiene"[Mesh] OR 
"Toothbrushing"[Mesh] OR Toothbrushings[tiab] OR 
Toothbrushing[tiab] OR floss[tiab] OR flossing[tiab] OR 
mouthwash[tiab] OR mouth wash[tiab] OR toothbrush[tiab] OR 
toothbrushes[tiab] OR "Dental Devices, Home Care"[Mesh] OR 
"Education, Dental"[Mesh] OR "Health Education, Dental"[Mesh] 
OR "School Dentistry"[Mesh] OR "Dental Health Services"[Mesh] 
OR "Dental Care"[Mesh] OR "Dental Clinics"[Mesh] OR "Dental 
Health Surveys"[Mesh] OR "Diagnosis, Oral"[Mesh] OR "Mouth 
Diseases"[Mesh] OR "Halitosis"[Mesh] OR Halitosis[tiab] OR 
Halitoses[tiab] OR bad breath[tiab] OR "Oral Manifestations"[Mesh] 
OR "Mouth Rehabilitation"[Mesh] OR "Mouth Neoplasms"[Mesh] 
OR Mouth Neoplasms[tiab] OR Mouth Neoplasm[tiab] OR Oral 
Neoplasm[tiab] OR Oral Neoplasms[tiab] OR Cancer of Mouth[tiab] 
OR Mouth Cancers[tiab] OR Mouth Cancer[tiab] OR Oral 
Cancer[tiab] OR Oral Cancers[tiab] OR Cancer of the Mouth[tiab] 
OR "energy drinks"[Mesh] OR "Carbonated Beverages"[Mesh] OR 
("Beverages"[Mesh] AND "Sugars"[Mesh]) OR sugar sweetened 
beverages[tiab] OR sugar sweetened beverage[tiab] OR soda[tiab] 
OR sodas[tiab] OR energy drinks[tiab] OR energy drink[tiab] OR 
Carbonated Beverage[tiab] OR Carbonated Beverages[tiab] OR 
"bottle feeding"[Mesh] OR sippy cup[tiab] OR sippy cups[tiab] OR 
bottle[tiab] OR bottles[tiab] OR bottlefeeding[tiab] OR 
bottlefeedings[tiab] OR )) OR ("Students, Dental"[Mesh] OR Dental 
Students[tiab] OR Dental Student[tiab] OR "Dentists"[Mesh] OR 
Dentists [tiab] OR Dentist[tiab] OR Prosthodontists[tiab] OR 
Prosthodontist[tiab] OR Prosthetic Dentist[tiab] OR Prosthetic 
Dentists[tiab] OR Restorative Dentist[tiab] OR Restorative 
Dentists[tiab] OR Pediatric Dentist[tiab] OR Pediatric Dentists[tiab] 
OR Periodontists[tiab] OR Periodontist[tiab] OR 
"Endodontists"[Mesh] OR Endodontist[tiab] OR Endodontists[tiab] 
OR "Oral and Maxillofacial Surgeons"[Mesh] OR Maxillofacial 
Surgeons[tiab] OR Maxillofacial Surgeon[tiab] OR Oral 
Surgeons[tiab] OR Oral Surgeon[tiab] OR Exodontists[tiab] OR 
Exodontist[tiab] OR "Dental Hygienists"[Mesh] OR Dental 
Hygienists[tiab] OR Dental Hygienist[tiab] OR (("Patients"[Mesh] 
OR patients[tiab] OR patient[tiab] OR client[tiab] OR client[tiab]) 
AND ("dentistry"[mesh] OR dentistry[tiab] OR dental[tiab] OR 
endodontic[tiab] OR prosthodontic[tiab] OR periodontic[tiab] OR 
"Oral Health"[Mesh] OR oral[tiab])))))))) AND ((("Mobile 
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Applications"[Mesh] OR Mobile Applications[tiab] OR Mobile 
Application[tiab] OR Mobile Apps[tiab] OR Mobile App[tiab] OR 
Portable Electronic Apps[tiab] OR Portable Electronic App[tiab] OR 
Portable Electronic Applications[tiab] OR Portable Electronic 
Application[tiab] OR Portable Software Apps[tiab] OR Portable 
Software App[tiab] OR Portable Software Applications[tiab] OR 
Portable Software Application[tiab])))) 
Web of 
Science 
TS=((*dentist* OR dental* OR oral* OR tooth OR teeth OR mouth* 
OR tooth$brush* OR floss* OR halitos$s OR "bad breath" OR 
"energy drink*" OR "carbonated beverage*" OR (beverage* AND 
sugar*) OR "sugar$sweetened beverage*" OR soda OR sodas OR 
((milk OR formula OR infant OR baby OR feed* OR nurs*) 
NEAR/3 bottle*) OR "bottle$feed*" OR "sippy cup*" OR *donti* 
OR "maxillofacial surgeon*" OR ((patient* OR client*) NEAR/5 
(dent* OR *donti* OR oral*))) AND ((mobile OR portable OR 
*phone OR android OR iOS) NEAR/4 (app$ OR application*)))
353 
Embase minus ti,ab 
('dentistry'/exp OR 'dental medicine' OR 'dental system' OR 
'dentistry' OR 'forensic dentistry' OR 'forensic odontology' OR 
'occupational dentistry' OR 'odontology, forensic' OR 'paediatric 
dentistry' OR 'paedodontics' OR 'pathology, oral' OR 'pediatric 
dentistry' OR 'pedodontics' OR 'practice, dental' OR 'specialties, 
dental' OR 'state dentistry' OR oral OR dental OR teledentistry OR 
'tooth'/exp OR 'dental evolution' OR 'dentes' OR 'teeth' OR 'tooth' OR 
'tooth auxiliary' OR 'tooth components' OR 'tooth condition' OR 
'tooth emergency' OR 'mouth'/exp OR 'mouth' OR mouthes OR 'oral 
health' OR 'mouth hygiene'/exp OR 'dental hygiene' OR 'hygiene, 
mouth' OR 'hygiene, tooth' OR 'mouth care' OR 'mouth hygiene' OR 
'mouth rinsing' OR 'mouth washing' OR 'mouthwashing' OR 'oral 
care' OR 'oral hygiene' OR 'tooth hygiene' OR 'tooth brushing'/exp 
OR 'brushing, dental' OR 'brushing, tooth' OR 'dental brushing' OR 
'tooth brushing' OR 'toothbrushing' OR 'toothbrush'/exp OR 'brush, 
dental' OR 'brush, tooth' OR 'dental brush' OR 'tooth brush' OR 
'toothbrush' OR 'dental floss'/exp OR 'eez-thru flossers' OR 'floss 
picks' OR 'glide pro-health' OR 'reach (device)' OR 'satintape' OR 
'dental floss' OR 'floss, dental' OR 'mouthwash'/exp OR 'colgate plax 
overnight' OR 'mouth rinse' OR 'mouth rinses' OR 'mouth wash' OR 
'mouth washes' OR 'mouthrinse' OR 'mouthrinses' OR 'mouthwash' 
OR 'mouthwashes' OR 'dental device'/exp OR 'dental device' OR 
'dental devices, home care' OR 'dental equipment' OR 'dental 
equipment (physical object)' OR 'dental equipments' OR 'dental high 
speed equipment' OR 'dental high-speed equipment' OR 'dental high-
speed technique' OR 'dental instrument' OR 'dental instrumentation' 




dental' OR 'high speed dental equipment' OR 'high-speed dental 
equipment' OR 'dental education'/exp OR 'dental education' OR 
'dental school' OR 'education, dental' OR 'education, dental, 
continuing' OR 'education, dental, graduate' OR 'education, predental' 
OR 'faculty, dental' OR 'schools, dental' OR 'dental health 
education'/exp OR 'dental health education' OR 'health education, 
dental' OR 'school dentistry'/exp OR 'school dentistry' OR 'dental 
procedure'/exp OR 'care, dental' OR 'care, tooth' OR 'community 
dentistry' OR 'comprehensive dental care' OR 'dental care' OR 'dental 
care for aged' OR 'dental care for children' OR 'dental care for 
chronically ill' OR 'dental care for disabled' OR 'dental care for 
handicapped' OR 'dental care program' OR 'dental care programme' 
OR 'dental caries activity tests' OR 'dental health care' OR 'dental 
health services' OR 'dental models' OR 'dental procedure' OR 'dental 
service' OR 'dental service, hospital' OR 'dental stress analysis' OR 
'dental technique' OR 'dental treatment' OR 'denture identification 
marking' OR 'electrogalvanism, intraoral' OR 'enamel microabrasion' 
OR 'esthetics, dental' OR 'tooth bleaching' OR 'tooth care' OR 'tooth 
remineralization' OR 'dental clinic'/exp OR 'clinic, dental' OR 'dental 
clinic' OR 'dental clinics' OR 'dentistry clinic' OR 'dental disease 
assessment'/exp OR 'dental disease assessment' OR 'dental health 
surveys' OR 'mouth disease'/exp OR 'diagnosis, oral' OR 
'leukoedema, oral' OR 'leukooedema, oral' OR 'mouth abnormalities' 
OR 'mouth disease' OR 'mouth diseases' OR 'mouth submucous 
fibrosis' OR 'mouth, edentulous' OR 'oral disease' OR 'oral 
manifestations' OR 'oral submucous fibrosis' OR 'stomatognathic 
diseases' OR 'halitosis'/exp OR 'bad breath' OR 'breath odor' OR 
'breath odour' OR 'breath, bad' OR 'fetor oris' OR 'foetor ex ore' OR 
'halitosis' OR 'oral odor' OR 'oral odour' OR 'full mouth 
rehabilitation'/exp OR 'full arch dental reconstruction' OR 'full arch 
reconstruction' OR 'full arch rehabilitation' OR 'full arch restoration' 
OR 'full mouth reconstruction' OR 'full mouth rehabilitation' OR 'full 
mouth restoration' OR 'mouth rehabilitation' OR 'mouth cancer'/exp 
OR 'cancer, mouth' OR 'intraoral cancer' OR 'mouth cancer' OR 
'mouth mucosa cancer' OR 'oral cancer' OR 'oral cavity cancer' OR 
'energy drink'/exp OR 'energy drink' OR 'energy drinks' OR 
'carbonated beverage'/exp OR 'carbonated beverage' OR 'carbonated 
beverages' OR 'carbonated drink' OR 'sugar-sweetened beverage'/exp 
OR 'sucrose-sweetened beverage' OR 'sugar-sweetened beverage' OR 
'sugarsweetened beverage' OR (('beverage'/exp OR beverage) AND 
('carbohydrate'/exp OR carbohydrate)) OR soda OR sodas OR 'bottle 
feeding'/exp OR 'bottle feeding' OR 'bottlefeeding' OR 'sippy cup' 
OR 'sippy cups' OR 'baby bottle' OR 'baby bottles' OR 'infant bottle' 
OR 'infant bottles' OR 'nursing bottle' OR 'nursing bottles' OR 'dental 
student'/exp OR 'dental student' OR 'dentistry student' OR 'student 
dentist' OR 'students, dental' OR 'dentist'/exp OR 'dentist' OR 
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'dentists' OR 'dentists, women' OR 'prosthodontics'/exp OR 'dental 
prosthetics' OR 'prosthetic dentistry' OR 'prosthodontics' OR 
'prosthodontist'/exp OR 'prosthodontist' OR 'prosthodontists' OR 
'restorative dentistry'/exp OR 'regenerative dental medicine' OR 
'regenerative dentistry' OR 'reparative dentistry' OR 'restorative 
dentistry' OR 'dental restoration'/exp OR 'dental restoration' OR 
'dental restoration failure' OR 'dental restoration repair' OR 'dental 
restoration, permanent' OR 'dental restoration, temporary' OR 'dental 
restorative procedure' OR 'denture repair' OR 'regenerative dental 
therapy' OR 'reparative dental service' OR 'restorative dental care' 
OR 'restorative dental procedure' OR 'restorative dental services' OR 
'restorative dental treatment' OR 'tissue conditioning (dental)' OR 
'tooth restoration' OR 'pediatric dentist'/exp OR 'paediatric dentist' 
OR 'paedodontist' OR 'paedodontists' OR 'pediatric dentist' OR 
'pedodontist' OR 'pedodontists' OR 'periodontics'/exp OR 
'periodontics' OR 'periodontology' OR 'periodontist'/exp OR 
'periodontist' OR 'periodontists' OR 'endodontics'/exp OR 
'endodontics' OR 'endodontist'/exp OR 'endodontist' OR 
'endodontists' OR 'dental surgeon'/exp OR 'dental surgeon' OR 
'exodontist' OR 'maxillo-facial surgeon' OR 'maxillofacial surgeon' 
OR 'oral and maxillofacial surgeon' OR 'oral and maxillofacial 
surgeons' OR 'oral surgeon' OR 'oral surgery'/exp OR 'apex excision' 
OR 'buccal surgery' OR 'jaw fixation techniques' OR 'mouth surgery' 
OR 'oral surgery' OR 'oral surgical procedures' OR 'surgery, mouth' 
OR 'surgery, oral' OR 'tooth apex excision' OR 'dental hygienist'/exp 
OR 'dental hygienist' OR 'dental hygienists' OR 'oral hygienist' OR 
'oral hygienists' OR (('patient'/exp OR 'patient' OR 'patients' OR 
'sufferer' OR 'sufferers') AND ('dentistry'/exp OR 'dental medicine' 
OR 'dental system' OR 'dentistry' OR 'forensic dentistry' OR 'forensic 
odontology' OR 'occupational dentistry' OR 'odontology, forensic' 
OR 'paediatric dentistry' OR 'paedodontics' OR 'pathology, oral' OR 
'pediatric dentistry' OR 'pedodontics' OR 'practice, dental' OR 
'specialties, dental' OR 'state dentistry'))) AND ('mobile 
application'/exp OR 'mobile app' OR 'mobile application' OR 'mobile 
applications' OR 'mobile apps' OR 'portable software app' OR 
'portable software application' OR 'portable software applications' 
OR 'portable software apps') 
CINAHL ( (MH "Dental Anxiety") OR (MH "tooth diseases+") OR (MH 
"Dental Clinics") OR (MH "Schools, Dental") OR (MH "Students, 
Dental Hygiene") OR (MH "Students, Dental") OR (MH "Faculty, 
Dental") OR (MH "Education, Dental") OR (MH "Education, Dental 
Hygiene") OR (MH "Dental Health Services+") OR (MH "Dental 
Hygiene") OR  (MH "Oral Health") OR (MH "Dentistry+") OR (MH 
"Toothbrushing") OR (MH "Oral Hygiene+") OR (MH "Dental 
Devices, Home Care+") OR (MH "dentists+") OR (MH "Dental 
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Hygienist Attitudes") OR(MH "Dentist Attitudes") OR (MH "Dental 
Auxiliaries+") OR (MH "Carbonated Beverages") OR ((MH 
"beverages+") AND (MH "Carbohydrates+")) OR (MH "bottle 
feeding") OR (TI "dental") OR (AB "dental") OR (TI "oral") OR 
(AB "oral) OR (TI "dentistry") OR (AB "dentistry") OR (TI 
"tooth*") OR (AB "tooth*) OR (TI "floss*") OR (AB "floss*") OR 
(TI "bottle*") OR (AB "bottle*") OR (TI "sippy") OR (AB "sippy") ) 
AND ( (MH "Mobile Applications") OR mobile app* OR portable 
app* OR portable electronic app* OR portable software app* OR 
smartphone app* OR phone app* OR cell phone app* OR cellular 
phone app* OR android app* OR iOS app* ) 
IEEE 
Xplore 
" Year[2000-2019] " 
(dental OR dentist OR dentistry OR tooth OR teeth OR oral OR 
mouth OR toothbrush OR toothbrushing OR energy drink OR sugar 
beverage OR bottle OR bottlefeeding OR sippy OR orthodontist OR 
orthodontic OR  endodontist OR endodontic OR maxillofacial 
surgeon OR maxillofacial surgery) AND ((mobile OR cell OR 
cellular OR smartphone OR android OR ios OR phone) NEAR/5 
(app OR application OR software OR program)) 
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Cochrane " Year[2000-2019] " 
(dental OR dentist OR dentistry OR tooth OR teeth OR oral OR 
mouth OR toothbrush OR toothbrushing OR energy drink OR sugar 
beverage OR bottle OR bottlefeeding OR sippy OR orthodontist OR 
orthodontic OR  endodontist OR endodontic OR maxillofacial 
surgeon OR maxillofacial surgery) AND ((mobile OR cell OR 
cellular OR smartphone OR android OR ios OR phone) NEAR/5 
(app OR application OR software OR program)) 
323 
PsycINFO (DE "Dental Education" OR DE "Dental Health" OR DE "Dental 
Students" OR DE "Dental Surgery" OR DE "Dental Treatment" OR 
DE "Dental Surgery" OR DE "Dentistry" OR DE "Dentists"  OR  DE 
"Oral Health" OR DE "Bottle Feeding"  OR  DE "Beverages 
(Nonalcoholic)" OR DE "Energy Drink" OR TI dental OR AB dental 
OR TI oral OR AB oral OR TI dentistry OR AB dentistry OR TI 
tooth* OR AB tooth* OR TI floss* OR AB floss* OR TI bottle* OR 
AB bottle* OR TI sippy OR AB sippy) AND (DE "Mobile Devices" 
OR DE "Cellular Phones" OR mobile app* OR portable app* OR 
portable electronic app* OR portable software app* OR smartphone 
app* OR phone app* OR cell phone app* OR cellular phone app* 




Scoping Review of Mobile Apps 
Coding Sheet (Project 1) 
A) STUDY CHARACTERISTICS
A1. Study ID 
Date coded 
Month ▼ January ...
Day ▼ January ...
Year ▼ January ...
A2. Brief Citation 
________________________________________________________________ 
________________________________________________________________ 
A3. Publication year 
________________________________________________________________ 
A4. Journal name 
________________________________________________________________ 
A5. Country of study  
▼ Afghanistan ... Zimbabwe
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A5.1 Another country where study was conducted  
________________________________________________________________ 
A6. Study design 
o Cross-sectional



























B4. App created in the following language 
 
 Yes No 
English o  o  
Arabic o  o  
Chinese o  o  
French o  o  
Spanish o  o  
Japanese o  o  




B5. App development methodology  
o Specify ________________________________________________ 




B6. Developed for (end users of the app) (select all that applies) 
Yes No 
Patients o o 
Community/ public o o 
Dentists/doctors o o 
Allied health professionals o o 
Students o o 
Researchers o o 
Other: _____ o o 
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B7. App Content/ Focus (Select all that apply) 
Yes No 
Oral hygiene behavior: o o 
Sugar sweetened beverages o o 
Healthy eating o o 
TMJ o o 
Bruxism o o 
Dental trauma o o 
Dental anatomy: o o 
Orthodontics o o 
Surgical o o 
Oral health knowledge: o o 
Oral pathology: o o 
Other: _____ o o 
210 
B8. Communication methodology in the app (Select all that apply) 
Yes No 
Messages o o 
Written info/ text o o 
Video o o 
Audio o o 
2D/3D animation o o 
Photos/images o o 
Other, _____ o o 
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B9. App Purpose (select all that applies) END users 
Yes No 
Dental student education o o 
Patient education o o 
Community oral health 
education o o 
Dental research/ 
Epidemiological studies o o 
Practice management (dental 
team) o o 
Scheduling (patients) o o 
Diagnostics/screening o o 
Other: _____ o o 
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B10. App Functions (select all that applies) 
 Yes No 
Goal setting o  o  
Calendar o  o  
Reminder setting o  o  
Communication o  o  
Data collection o  o  
Symptom tracking o  o  
Education material o  o  










B11.B Clinical guidelines on which app is used (select all that applies) 
Yes No 
American Dental Association 
(ADA) o o 
American Academy of 
Pediatric Dentistry (AAPD) o o 
International Association of 
Dental Traumatology (IADT) o o 
Academic Centre for 
Dentistry Amsterdam o o 
Public Health England (PHE) o o 
World Oral Health 
Organization (WHO) o o 
Other: _____ o o 
B12. Health app design guidelines 
o Specify ________________________________________________
o Not specified
C) SAMPLE CHARACTERISTICS OF STUDY PARTICIPANTS (END USERS)





C1. Sample Number 
Yes No 
Number of participants 
(Sample 1) _____ o o 
Number of participants 
(Sample 2) _____ o o 
Number of participants 
(Sample 3) _____ o o 
Notes _____ o o 
C2. Gender (%) 
Yes No 
Female _____ o o 
Male _____ o o 
Notes _____ o o 
C3. Age (%) 
Yes No 
Sample 1 ____ o o 
Sample 2 ____ o o 
Sample 3 ____ o o 
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C4. Ethnicity (%) (select all that applies) 
Yes No 
White _____ o o 
Black _____ o o 
Hispanic _____ o o 
Asian _____ o o 
Mixed _____ o o 
Other _____ o o 
Prefer Not to Answer _____ o o 
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C5. Highest degree attained at the same time of the study (%) 
 Yes No 
Less than high school _____ o  o  
High School degree /(GED) 
_____ o  o  
Associate/Junior 
college/Vocational degree 
_____ o  o  
Bachelor’s Degree _____ o  o  
Graduate Degree/Professional 
Degree _____ o  o  
Prefer Not to Answer _____ o  o  
Other _____ o  o  
 
 
C6. Type of Insurance (%) 
 Yes No 
Private Insurance _____ o  o  
Public/Government-funded 
_____ o  o  
Self-Pay _____ o  o  
Prefer Not to Answer _____ o  o  
Other _____ o  o  
Not applicable _____ o  o  
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D) STUDY SETTING & OUTCOMES
D1. Intervention Setting (Select all that apply) 
Yes No 
Home o o 
School/college setting o o 
Community center/ primary 
health centers o o 
Dental Clinic o o 
Hospital o o 
Emergency Department o o 
Other o o 
Not applicable o o 
D2. App Effectiveness & Efficacy evaluated (what is the purpose of the app and was it effective 
in doing what it supposed to do)  
o Yes
o No




D4. Tested Outcomes (Select all that apply) 
Yes No 
Knowledge o o 
User acceptance o o 
User satisfaction o o 
User perception o o 
User attitude o o 
Communication o o 
App usability (e.g. 
navigation.) o o 
Oral health behavior outcome o o 
Oral health index o o 
Clinical assessment: specify o o 
Cost o o 
Pattern of app/internet usage o o 
User preferences o o 
Other _____ o o 
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D5. App usability evaluation by (select all that applies) 
Yes No 
Developers o o 
Users o o 
Third party, specify o o 
Not specified o o 




E1. Study Aim 
________________________________________________________________ 
________________________________________________________________ 





















































Mobile Apps for Oral Health: A Scoping Review   
Coding Manual (Project 1) 
Coder Notes 
Definitions and Examples of Coding Sheet: 
- For coding, indicate the number of the selected option. Otherwise, you can specify in
text.
- In the first round of coding (3 articles), Keep notes of issues you confront while coding to
resolve them in our next meeting discussions. Highlight the questionable part and write
down the page number of the article. You are evaluating the coding sheet at the same
time that you are coding the article.
- “Base your coding decisions on what is included in the article you are reading. (don’t
make any assumptions)”
- Both coders (2 coders) will code articles separately minimum three articles at a time (No
more than 5 articles) followed by a discussion. All points of debate will be settled by
going over each article and each question together. In case of dead lock, we refer to a pre-
decided non-biased third party for the final decision.
- Please refer to the table below for the definition and description of the sheet codes.
- Coders should check pictures and charts, tables in the article to decide on coding for
questions about content, communication and language
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Codes Definition & Description 
A) STUDY CHARACTERSTICS
Citation Follow the Journal of Dental Research (JDR) citation. 
Country Country where the study was conducted. 
Study Design Case report: researcher (developer or designer) is testing the app with 
one user then do another testing with another user and so on.  
Any proposal for app development or conference proposals can be 




(App development stage as specified in the article) 
Prototype: “incomplete version of the software program being 
developed”.  
“prototype is to test designs (and product ideas) before creating real 
products.” 
- Could be a sketch or low fidelity app
Pilot study is a study where researcher (developer or designer) is testing 
the app with a small group of users. Usability study is considered a pilot 
study type.  
- The design of the app is still changing after testing with small
groups.
Final app: app that has already been released in mobile app stores. It 
can be assumed that the app is final when there is no mention of pilot 
study.  
- Ready for testing in big trials. Study mentioned the app is
installed!
App created for 
(device) 
App is developed for which device. Specify as mentioned in the article. 
- Mobile devices (smartphones and/or tablets).
- If iPad or iPhone is mentioned, put iOS.
- The same for Galaxy (Android)
App created on 
(platform) 
App is developed for which platform. Specify as mentioned in the 
article. 
App created in the 
following 
language 
Specify the language of the app if mentioned in the article or displayed 
in images such as app screenshots.   
Do not assume if not mentioned or displayed. 
App development 
methodology  
Specify, in text, the app development methodology discussed in the 
article. 
If the study mentioned programs/software used for app 
development or a programing language, state that the methodology 
is not specified.  
Developed for 
(end users)  
Specify the end users who are using the app (See example A).  
Mention the target users of the app not the users who tried the app in the 
study.  
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Specify the content of the app as mentioned in the article 
(See example A). 
- Oral hygiene: this also include OHI if mentioned in the article.
- Teledental app, dental anatomy and oral pathology; either
one or both according to the article.
- Oral pathology: dentist is asked about cavities in their patients’
mouth. (cavities and mucosal pathologies)- or patients reporting
symptoms
- Oral health knowledge: fluoride, toothpaste, importance
deciduous teeth, pits and fissure sealants, bedtime bottle use,
importance of routine dental checkups, and so on.
- Oral hygiene: brushing, tongue cleaning, duration, frequency,
visiting the dentist, behaviors.
- Oral anatomy: dental charting, tooth loss and loss of tooth
structure other than cavities (attrition, abrasion, abfraction) no. of




Specify the communication method with which app information was 
presented (See example A). 
If choosing games, don’t select pictures and videos. 
SMS messages, app messages and Email  
App Purpose  
For End Users 
Specify the purpose of the app as mentioned in the article 
(See example A). 
- Community education or patient education also include increase
patient adherence to oral hygiene behavior.
- Oral health survey (define) app used for epidemiological
studies
- Practice management (by dental team)
- Scheduling (by patients): clinical scheduling for dental
appointments
- Diagnostic/ screening also include consultation
- Example: Assessment/Evaluation of masticatory function
Example A For example, XX app presents 3D animation (communication 
methodology) in orthognathic surgery (app content). The app is used by 
dentists (end users) to educate patients (app purpose) about the surgery 
procedure and its potential complications (app content).  
App Functions Select all the app functions mentioned in the article. 
- Goal setting: enable the user to set a goal or an action plan (e.g.
oral health behavior goal such as toothbrushing or dental visit).
- Calendar: enable the end-user to schedule dental appointments.
- Reminder setting: the user can set reminders for certain dental
behaviors such as toothbrushing and dental visits. Reminders are
set as app push notification or messages.
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- Communication: enable users to communicate with their 
dentists through app messages. / email communication.  
- Data collection: collect users (e.g. patients) data for clinical and 
research purposes such as oral health survey apps and screening 
apps.   
Data collection also indicates data (e.g. dental photos) 
management and processing  
- Symptom tracking / monitoring: enable users (e.g. patients) to 
track their own symptoms. In other cases, users (e.g. dentists) 
monitor patients’ symptoms such as in teledentistry apps.  
- Education material: app presents dental educational 
information in any form such as in text, videos or pictures.  
Clinical guidelines 
on which app is 
used 
Specify if the app content was developed based on evidence based and 
clinical guidelines.  
 
Should be established published guidelines not reference experts  
Health app design 
guidelines  
 
Specify if the app layout and interface was developed based on any 
design guidelines.  
C) SAMPLE CHARACTERISTICS OF STUDY PARTICIPANTS  
Sample  If the sample is other than population such as injured teeth, choose not 
applicable.  
Ethnicity  Mixed means black and white; from a mixed origin.  
If study conducted in Saudi, India, etc and ethnicity was not mentioned, 
choose not mentioned.  
D) STUDY SETTING 
Intervention 
Setting 




What is the purpose of the app and was it effective in doing what it 
supposed to do.   
 
Specify if the app is effective and what tool the study used to measure 
effectiveness.  
 
App effectiveness: app is successful in achieving the desired outcomes. 
For example, an educational dental app was shown to improve the 
knowledge of patients more than leaflets. 
Sensitivity and specificity are considered effectiveness of teledental 
app for example.  





What outcomes are measured in the study.  
- Knowledge: knowledge in oral heath, hygiene practices or 
clinical procedures.  
- User acceptance: acceptance of using the dental app in daily life 
or in a work/ academic context; “app can handle the required 
tasks in real-world scenarios.” “I can see myself using this” 
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- User satisfaction: “the attitude of a user to the mobile app (s)he
employs in the context of his/her work environments”. Does the
app meet user’s expectations?
- User perception/attitude: how users view the oral health app.
- Perception: how they perceive the app
- Communication: any sort of interaction facilitated by the app
between two different users such as dentists and patients.
- Usability: “the ease of use and learnability of the app”
- Oral health behavior outcome such as toothbrushing, dental
visits, etc.
- Oral health index such as cephalometric point, cephalometric
distance gingival index, and so on.
- Clinical assessment: Clinical findings (gums, teeth,
cephalometric findings, Steiner’s analysis for orthodontics.
- Clinical findings such as oral lesion, DMFT
- Cost: app savings compared to traditional methods.
- Pattern of app/internet usage: number of apps used, the
frequency and time of app usage.
- User preferences: what user favors in regards of app different
elements such as features, functions, etc.
Note: Any teledental app, human subjects sending messages to dental 
clinicians  
Code (Communication, symptom tracking and data collection)  
And look for Clinical assessment  
App usability 
evaluation by 
(select all that 
applies)  
- Direct question to users or surveys (app usability is envaulted by
users)
- Data collected by developer and analyzed (developer)
- Not developer or user








ASSESSING THE QUALITY OF MOBILE APPS FOR ORAL 
HEALTH: CONTENT ANALYSIS AND USABILITY 
Coding Manual (Project 3) 
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General Coding Rules - For coding, indicate the “number” of the selected option. Otherwise, you can specify
in text.
- In the first round of coding (3 apps), Keep notes of issues you confront while coding
to resolve them in our next meeting discussions. Highlight the questionable part and
write app section to refer back to it. You are evaluating the coding sheet and manual
at the same time that you are coding the article.
- Base your coding decisions on what is included in the app you are analyzing. (don’t
make any assumptions)
- Both coders (2 coders) will code apps independently minimum three apps at a time
(No more than 5 apps) followed by a discussion. All points of debate will be settled
by going over each app and each question together. In case of dead lock, we refer to a
pre-decided non-biased third party for the final decision (Dr. Borrelli).
- Please refer to the table below for the definition and description of the sheet codes.
- Before coding any app, make sure your phone is not on silent mode.
Device Used Coders AQ & RE: 
AQ devices:  
• iPhone 7 for iOS apps




Name of developer/offered by Technical/ computer science party that developed the app 
If developer name is not found, put the company that offers the app. 
Country (Country app designed in) Look at the developer website to know this information.  
Knowing the Country is Important to have an idea of the guidelines the app follows 
If no website link is available and country is not mentioned in the app, check the address of 
the developer in the app page.   
App price ($) In iOS, the icon (Get) means the app is free  
In Android, the price is explicitly mentioned. 
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Target Group Age Fage restriction for Android apps: 
https://support.google.com/googleplay/answer/6209544?hl=en 
App Content/ Focus 1= Oral hygiene behavior: toothbrushing, flossing, mouthwash… 
Also select this option when any of the followings is available in the app: video demo of any 
oral hygiene behavior, toothbrush timer, brushing reminders, and so on.  
2= Dental trauma: apps focus on how to manage dental trauma and injuries. 
3= Orthodontics: app focus on educating patients about braces through dental games (one 
example)  







Mention only content  
App should be downloaded  
 
5= Oral health knowledge, specify (There should be a mention of health, behavior 
consequences), oral risk assessment tool  
Example: the importance of baby teeth  
 
Don’t put app function such as dentist search.  







App should be downloaded 
Select according to the type of content and app description.  
1= Parents/caregivers: if app focused on parenting or adding family members for dental 
treatment (caregivers)  
2= Adults including “teenagers (12+-19) = young adults” start to be independent! 
3= Children: 4+-12 years old (animation, cartoons)  
 
Everyone: should have animation /cartoon/games or interactive beautiful interface for 
children.  



















1= Goal setting: ask the user to set their goals  
 
2= Calendar: function that allows you to enter actual dates for your dental visits (scheduling 
appointments), oral hygiene appointments, or orthodontics. This function also is used to track 
daily toothbrushing either manually or automatically or set a replacement date for 
toothbrushes.  
 
3= Alerts or Reminder setting: function that allows you to set alerts and reminders for oral 
hygiene practices.  The app will then send the user push notifications or pop up messages to 
remind them with oral hygiene behavior such as brushing, dental visits and so on.   
 
4= Ability to communicate with dental professionals though messages and/or videos.  
5= Symptom tracking: record oral symptoms periodically in the app  
 
6= Behavior tracking (log entry): track toothbrushing, dental appointments and so on.  
User should enter their data that they actually brush their teeth. (either manually or 
automatically)  
 
7= Tooth brushing Timer 
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App should be downloaded 
8= Game/ simulator: to call an app a game, it should be interactive and rewarding to users. 
Rewards could be points, smiley faces and so on.  
You can explain type of game (e.g. AR)  
Game: where user interact with a character 
9= Oral health educational content: functions may include tips, home remedies, brushing, 
prevention in any communication method.   
10= Ability to search for dentists 
App URL (third party link) to credible 
health information   
App should be downloaded 
- Links should be third party not the app link to refer to other resources (this adds to
app credibility)
- Links should be working.
If the links do not work, select 2=No.
- Links are considered credible when it is non-commercial such as medical institution
or a non-profit organization.
App created by (intellectual development) 
Look at developer website and/or the 
description/ or FAQs  
(intellectual development): the person who develop the idea, and content 
Could be a dentist, teaching dental school, academic department,  
1= Health professionals (private practice) even if affiliate to school no matter.  
2=Commercial (dental companies): companies that sale dental products used by patients 
such as toothbrushes materials, flossing and mouth washes (For profit: Colgate, Crest, Oral-
B, Sensodyne)  
4=Community based (professional organizations such as ADA, or any organizations, 
hospitals and clinics e.g. south end clinic)  
5=Academic or affiliated teaching hospital or clinic (e.g. Brigham and women hospital 
affiliated with Harvard  
Other: dental health carrier as delta insurance company  
Company makes dental implants/crowns?? For general use on how to take care of implants 
or crowns  
Contact details available in the app It must be mentioned in the app itself not through an external link. 
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App should be downloaded This is including emails communication 
Built-in tutorials available for users 
App should be downloaded 
Tutorial: step by step guide how to use the app not only choose the setting. It should appear 
first thing when first opening the app.  
B) APP FEATURES
Security and Privacy Related Features App Signup Options 
App privacy policy 
All links should work the time the app is tested. 
Put it in others with explanation.  
Interactivity and Engagement 24.1 dental related photos: real photos sent to dentists in teledental apps as an example. 
24.2 app general images (drawing, still images for app layout and aesthetics). This will 
engage the consumers with apps.   
24.3 Use of videos to demonstrate any oral hygiene behavior such as toothbrushing or 
visiting a dentist: videos should be embedded in the app, and either work with internet or 
not.  >> should have play button.  
24.4 Make use of images to demonstrate any oral hygiene behavior such as 
toothbrushing or visiting a dentist: illustrative images to educate users about oral hygiene 
behavior.  
24.5 music/song: one example is the ability to download or select music that would help 























App should be downloaded 
24.6 audio effects: applause, cheering sounds, beeping sounds after brushing each side of 
the mouth  
 
24.7 play games   
Game should be interactive and rewarding to be considered as a game.  
Game is not tracking the behavior.  
 
24.8 2D/3D animation: It is a moving, dynamic, character that interacts with app users to 
show them how to brush their teeth, for example.  
Still picture or video are not animation.  
 
24.9 Reminders and alerts (personalization feature): 
Personalization: user enters personal data/input and the app features change accordingly.  
Reminders is considered a feature of personalization.  
24.10 Customization on the other end is the option that users have to change setting, look, 




24.11 Make use of camera to scan dental consumers products such as toothbrushes 













25.1 Connect/share in Facebook  
25.2 Connect/share in Twitter 
25.3 Connect/share in other social media platforms  
 
Code Connect with/share on social media even if the app is connected to the general pages of 
its media platforms without the necessity of sharing information through the app.   
For example, will be coded when I find social media icons to Brush DJ Facebook and 
Twitter pages are available within the app.  
 
Also, code them when Users can connect to a community through media platforms.  
Users can share results/information/ tips about oral health information and hygiene behavior 
through the media icons available within the app.  
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App should be downloaded 
25.4 Have an app community (message) 
25.5 Have an app community (boards/ discussion forums) 
25.6 Share data with others (Leaderboard) challenges: the ability to see all users’ 
achievements in the app.  
Note: Some apps give the option of customizing and creating multiple profiles but you can’t 
see others’ achievements >> this is not a leaderboard.  
25. 7 Other: could code FAQ section if available in the app.
Input and Sharing of Information & 
Feedback  
Oral health information only 
App should be downloaded 
26.1 Manual recording and tracking of health behavior related information: opportunity 
to input health behavior related information (e.g. toothbrushing, dental visits, …) 
26.2 Automatic recording and tracking of health behavior related information (e.g. 
toothbrushing): could be in a calendar explicitly or as a mean to record game rewards such as 
stickers or badges each time children brush their teeth.   
Other examples:  
App tracks oral health information for young children (baby teeth eruption. 
App tracks users input on saliva, …  
Could be also tracking of results of oral cancer test, antibiotic intake, etc.  
26.3 Display summarized health behavior related information (e.g. toothbrushing): 
presenting the tracked information (e.g. duration) in percentages, charts, etc.   
26.4 Personalized guidance and recommendation: (Age specific instructions) user choose 
age group and so on. Also, connected toothbrush gives personalized info (connecting 
toothbrush, give personalized info. App and toothbrush connected. Press too much  
Brushing habits) 
26.5 Other: …. 
App technological Features 27.1 Track behavior automatically  
Storage of users tracked data is a technological feature.  
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App should be downloaded 
27.2 push notification   
“A push notification is the  delivery of  information  from  a  software  application  to  a 
 computing device without the request of the user .29” (ID13 paper 1) 
User set a reminder or alerts in the previous category, Interactivity and Engagement. 
Accordingly, users will get a push notification which is a tech feature that will be coded 
here.  
Note: If a message entitled “permission to send notifications” is displayed at the start of a 
dental app, it might indicate a presence of future notifications for app updates or ratings but 
not necessarily the presence of notification for promoting oral health.  
For the former, you can code “not included.” 
27.3 Basic function without web access (app functions offline): such as text oral hygiene 
instructions, or show images of oral health information/behavior.  
Offline means from internet and Bluetooth.  
27.4 Brushing timer: any feature that allows you to time toothbrushing such as stop watch, 
progress bar,  
27.5 Connect with Bluetooth 
Automatic app connects through Bluetooth 
27.6 Other, specify…. 
Videos/instant messages to communicate to any specific medical professionals readily 
available such as in teledental apps  
C) APP CONTENT
No. of evidence-informed 
recommendations for oral health 
This should be coded from app text and video. 
1) Oral Care Recommendations
2) Dietary Recommendations; Nutrition and Feeding Practices
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App should be downloaded 
3) Substance Abuse
4) Professional Dental Care Recommendations
5) Other Dental Care Recommendations
No. of non-evidence-based practices for 
oral health 
…  
Behavior change techniques used in oral health apps (separate document)  
Below you find the definition of different BCTs in the context of oral health mobile apps. Please add your comments/definitions from 
your observations while coding dental apps.  
App should be downloaded 
Oral health literacy 
A common dimension of information (app description, and/or recommendations and educational content) across oral health apps will be 
copied and pasted in the readability website for assessment.  
Don’t modify the text! Put it as it is.. if modified, results change!!! 
App should be downloaded 
Readability - Text should be 100 words at least
- Both coders should choose the same text for reliability.
- Code only in-app content; not the app description content in app store.
- Record readability consensus value
_End of the coding manual
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BCTs of Mobile Oral Health Apps (Project 2) 
Features and techniques should be indigenous to the app 
1. Goals and planning
1.1. Goal setting (behavior) “Set or agree on a goal defined in terms of 
the behavior to be achieved 
Note: only code goal-setting if there is 
sufficient evidence that goal set as part of 
intervention” 
e.g., set a goal to brush teeth twice daily in the
morning and night.
Oral hygiene behavior: Toothbrushing,
Flossing, Rinsing
Oral-B, Philips
If the goal defines a specific context, 
frequency, duration or intensity for the 
behavior, also code 1.4, Action planning 
Setting reminders is not a goal setting. 
1.2. Problem solving Analyze, or prompt the person to analyze, 
factors influencing the behavior and 
generate or select strategies that include 
overcoming barriers and/or increasing 
facilitators (includes ‘Relapse Prevention’ 
and ‘Coping Planning’) 
Specify regions that need additional care 
(Plaque buildup, bleeding gum, gum recession, 
potential cavities).  
App showing areas of less toothbrush pressure, 
or no reach. User can analyze and change 
toothbrushing strategy.  
“Test brushing: diagnose brushing habits and 
identify areas for improvement” 
The app also can tell the user if he/she is not 
brushing for a sufficient time and that they 
should do better (ID31) 
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The app prompt the user to analyze the risk 
of the food through the use of the colorful 
labels (food database) (ID15) 
Dental Trauma apps (9-40): app shows 
different types of injuries and management 
strategies for each. This encourages the user to 
analyze which problem they have encountered 
and how to manage it.  
1.3. Goal setting (outcome) “Set or agree on a goal defined in terms of 
a positive outcome of wanted behavior” 
Oral hygiene outcomes: Gum health goal, 
fresh breath goal, whitening, plaque removal 
goal 
Note: only code guidelines if set as a goal in an 
intervention context 
1.4. Action planning (what steps to take) Prompt detailed planning of a behavior 
(selecting focus area, and strategies), and 
difficulty level (days performing the behavior) 
Must include at least one of: frequency, 
duration, context, and intensity 
Dental trauma apps ID 9-40:  
Apps provides management action steps the 
user can follow for different contexts of tooth 
injuries.  
To cope with fatigue, “try gentle exercise for 
30 minutes on most days of the week” 
To prevent cancer: “ensuring you don't drink 
more than the recommended weekly limits for 
alcohol..<14 drinks/week” (ID46) 
Reminder setting: 
Reminders for brushing, flossing, rinsing, 
and appointments. 
All apps with reminders should be coded as 
having action plans 
If the app has also a goal setting, code 
reminders as both (goal setting and action 
planning).  
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1.6. Discrepancy between current behavior 
and goal 
showing areas where the user missed while 
brushing, areas with no enough brushing 
pressure or time (form, frequency, duration or 
intensity of behavior) so the user can change 
their brushing strategy or re-set their goals 
accordingly.  
“test brushing,” “diagnose brushing habits” 
Display the user current performance and 
compare it with the brushing goal.  
(e.g., session average 1:17 compared to the 
goal 2:10) 
ID51 app: sugar bug status in the smile club 
shows an average time of user’s toothbrushing 
and gap to reach the set goal in an animated 
tooth.  
2. Feedback and monitoring
- “monitoring involves recording past or current states” (ID13 paper1)
- “Feedback provided information on current or past oral health behaviors” (ID13
paper1)
- Feedback should be information given to app users like frequency of toothbrushing,
…
- “Well done, you have cleaned your teeth” is Not a feedback. It is a social reward!
2.1. Monitoring of behavior by others without 
feedback 
Observe or record behavior with the person’s 
knowledge as part of a behavior 
change strategy.  
Note: if monitoring is part of a data 
collection procedure rather than a 
strategy aimed at changing behavior, do 
not code; if feedback given, code only 2.2, 
Feedback on behavior, and not 2.1, 
Monitoring of behavior by others without 
feedback; 
If no recording then there is no monitoring. 
2.2. Feedback on behavior Monitor and provide informative or evaluative 
feedback on performance of the behavior (e.g. 
form, frequency, duration, intensity)  
Inform the user about their progress with 
brushing teeth. 
Example: feedback on surface coverage, 
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pressure and scrubbing 
Behavior (can be proximal and distant) the 
components of behavior  
 
“instant brushing feedback” 
 
If feedback on behavior is evaluative e.g. 
praise "well done, great job", or badges, and 
smiley faces, also code social reward 10.4 
 
If the praise was general "well done, great job", 
not acknowledging the brushing technique code 
as partially. Yet, code Social rewards BCT as 
fully included.  
 
**Monitor and provide informative or 
evaluative feedback on performance of the 
behavior.  
2.3. Self-monitoring of behavior Establish a method for the person to monitor 
and record their behavior(s) as part of a 
behavior change strategy not a data collection 
procedure  
 
If app records to obtain points or show 
badges/stickers only then code social 
rewards 
 
Person records daily either manually or 
automatically (in a journal) whether they have 
brushed their teeth for at least two minutes 
before going to bed.  
 
 
“record your brushing data,” “log-in entry” 
“dashboard” app shows the user brushing data 
such as frequency, duration and surface area.  
 
record performance with dates “calendar” 
 
App records teething (Baby teething app). 
Chart showing the erupted teeth for the child.  
2.4. Self-monitoring of outcome(s) of 
behavior 
Establish a method for the person to 
monitor and record the outcome(s) of 




Note: if monitoring is part of a data 
collection procedure rather than a 
strategy aimed at changing behavior, do 
not code 
App records the use of toothbrush head to 
notify user when it is time to change  
App records the type of treatment will be 
received (outcome) in the next dental visit 
(behavior) and user can set reminders (action 
plan) 
2.5. Monitoring of outcome(s) of behavior 
without feedback 
Observe or record outcomes of behavior 
with the person’s knowledge as part of a 
behavior change strategy 
Note: if monitoring is part of a data 
collection procedure rather than a 
strategy aimed at changing behavior, do 
not code; if feedback given, code only 2.7, 
Feedback on outcome(s) of behavior; 
2.7. Feedback on outcome(s) 
of behavior 
Monitor and provide feedback on the 
outcome of performance of the behavior 
if there is no clear evidence that feedback 
was given code 2.5, Monitoring 
outcome(s) of behavior by others without 
feedback; 
Feedback on replacement of toothbrush head 
3. Social support
3.1. Social support (unspecified) Advise on, arrange or provide social 
support (e.g. from friends, relatives, 
colleagues,’ buddies’ or staff) or noncontingent 
praise or reward for performance of the 
behavior. It includes encouragement and 
counselling, but only when it is directed at the 
behavior 
Function of searching local IADT dentists 
(function in the app), or searching general 
dentists and specialists.  
FB page invite friends (followers and 
followings) and share with them teeth status 
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and achievements such as badges, (peer 
support, a section in the app) 
Email a food diary to the dentist (since part of 
it is out of the app)  
 
“ask your doctor about” “talk to your doctor 
before you begin exercising to make sure it is 
safe for you” ID46 
 
3.2. Social support (practical) 
 
Advise on, arrange, or provide practical 
help (e.g. from friends, relatives, 
colleagues, ‘buddies’ or staff) for 
performance of the behavior 
 
Advice on telephone conversations, 
counsellor sessions, communicate with 
dentists in real-time or online through the 
app (text, or video communication)  
 
Giving just an advice or practical tips in the app 
is not a social support! It is educational tips and 
knowledge. 
 
Advice someone to help you perform the 
behavior. Get the support from another person.  
Tooth sense >> video get help from a husband 
to hold a baby to clean their teeth.  
4. Shaping knowledge 
 
 
4.1. Instruction on how to perform the 
behavior 
Advise or agree on how to perform oral 
hygiene behavior through text, animation, 
image, or video ‘Skills training’ 
 
App points out areas that need brushing 
“oral care tips” 
 
ID46 to cope with fatigue resulted from cancer 
treatment: relaxation: try listening to music or 
writing in a journal 
Often the following BCTs go together: 4.1, 
Instruction on how to perform the behavior, 
8.1, Behavioral practice/rehearsal and 6.1, 






- For pictures and videos that shows oral health consequences, code both BCTs, no.5.1
and no. 5.2.
5.1. Information about health consequences Provide information (e.g. written, verbal, 
visual) about health consequences of 
performing the behavior  
Emphasizing importance is not sufficient. 
There should be clear information. 
5.2. Salience of consequences Use methods specifically designed to 
emphasize the consequences of performing the 
behavior with the aim of making them more 
memorable (goes beyond informing about 
consequences) 
Check any app with images and consequences 
in BCTS 
Videos 
ID4: app presented pictures of dental 
consequences; negative and positive pictures of 
performing certain oral health behavior. 
Notes: other methods to emphasize 
consequences such as graphical images; 
memorable. Instruction on how to perform a 
behavior (giving tips, photos) 
5.3. Information about social and 
environmental consequences 
Provide information (e.g. written, verbal, 
visual) about social and environmental 
consequences of performing the behavior 
Information about cost 
5.4. Information about emotional 
consequences  
Provide information (e.g. written, verbal, 
visual) about emotional consequences of 
performing the behavior.  
6. Comparison of behavior
6.1. Demonstration of the behavior Observable sample of the targeted 
performance. Modelling (pictures, film or 
animation)  
Note: if advised to practice, also code, 8.1, 
Behavioral practice and rehearsal; If provided 
with instructions on how to perform, also code 
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“3D guided tooth brushing” 
 
Code as “partially included” when the app  
does not show the movement of the toothbrush 
in a guided brushing session. ID50 
6.2. Social comparison draw attention to other performance for 
comparison with self-behavior 
 
Should be someone/something that is telling 
you about others’ performances, here it is the 
app!!.  
 
e.g., Leaderboard in games  
 
Example: Leaderboard where users compete 
with each other and see others’ progress. It also 
could be a leaderboard with family where users 
create many profiles and see their progress in 
comparison to others. 
 
Also, a social club/page section in the app that 
draws the user’ attention to others’ 




7.1. Prompts/cues Introduce or define environmental or social 
stimulus with the purpose of prompting or 
cueing the behavior. The prompt or cue would 
normally occur at the time or place of 
performance.  
 
Sound, pop-up notification, vibration, point out 
animation, or moving highlights that prompt or 
cue the oral hygiene behavior. This occur at 
time of performing the behavior (prompt the 
user to move from one side of the mouth to 
another while toothbrushing) 
 
Prompt toothbrushing, flossing, rinsing 
behaviors, or prompt synchronization of 
brushing data from a connected toothbrush to 
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an app, prompt the user to change the food item 
(food database)  
8. Repetition and substitution
8.1. Behavioral practice/rehearsal If app advised the user to practice.  
“Prompt practice or rehearsal of the 
performance of the behavior one or more times 
in a context or at a time”  
“Let’s show you how to brush,” 
“brush as shown in the screen” 
Or app includes an animated demonstration or a 
video that walks the user step by step for 
brushing technique  
Coded partially in ID 16 because timer and 
demo are not in the same screen. 
Demonstration of toothbrushing is general and 
not detailed.  
ID34: Behavioral practice/rehearsal; coded as 
partially because no toothbrush was displayed 
yet there are instructions and guidance.  
Brushing lesson video that includes a timer. 
Timer without a demonstration will not be 
coded as this BCT.  
8.3. Habit formation “Prompt rehearsal and repetition of the 
behavior in the same context repeatedly so 
that context elicits the behavior “ 
App includes a daily reminder for 
toothbrushing  
(e.g., user can set multiple reminders and 
choose the days) 
Note: also, code 8.1, Behavioral 
practice/rehearsal 
9. Comparison of outcomes
9.1. Credible source In favor or against the behavior. The source is 
generally agreed on as credible to the users 
such as dentists, celebrities, tooth companies 
(Colgate, Philips, etc.), and cartoon characters) 
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9.2. Pros and cons Advise the person to identify and compare 
reasons for wanting (pros) and not wanting to 
(cons) change the behavior (includes 
‘Decisional balance’). Note: if providing 
information about health consequences, also 
code 5 (consequences)  
ID52: Pros and cons of getting orthodontic 
treatment (FAQ section of the app).  
10. Reward and threat
10.1. Material incentive (behavior) Inform that vouchers, valued objects will be 
delivered if there has been effort and/or 
progress in performing the behavior (Positive 
Reinforcement)  
Unlocked badges to valuable vouchers such 
as discount on toothbrush for example.  
Text or section in the app indicating the 
presence of material rewards  
“Redeem you points” 
10.2. Material reward (behavior) Arrange the delivery of the reward if there has 
been effort and/or progress in performing the 
behavior (Positive Reinforcement)  
Rewarding tangible/valuable rewards such 
as vouchers for dental products for example. 
App user can exchange social rewards for 
material rewards such as gift cards, discount on 
purchasing a toothbrush 
10.3 Non-specific reward Arrange delivery of a reward if and only if 
there has been effort and/or progress in 
performing the behavior (includes 
‘Positive reinforcement’) 
Note: if reward is material, code 10.2, 
Material reward (behavior), if social, code 
10.4, Social reward, and not 10.3, Nonspecific 
reward; 
App ID39: user can set a reward for a child 
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10.4. Social reward Arrange verbal or non-verbal reward if there 
has been effort and/or progress in performing 
the oral behavior task (includes ‘Positive 
reinforcement’). Congratulate the person for 
each day they brush their teeth  
 
For instance: Users are rewarded with a smile 
and applause when they achieve two minutes 
of brushing  
 
Evaluative feedback such as praise on 
performing the oral hygiene behavior  
“Perfect tooth brushing well done!” 
 
Also, code “2.2 Feedback on behavior” 
 
badges, stickers, points, smiley faces, etc.  
“earn all gold coins” 
 
10.5. Social incentive Inform that a verbal or non-verbal reward will 
be delivered if and only if there has been effort 
and/or progress in performing the behavior 
(includes ‘Positive reinforcement’) 
 
In-app description that indicates the presence of 
rewards or information how to achieve a certain 
reward “each brushing earns +1,” “brush twice 
daily 7 days in a row to earn 10 points” 
 
text or image that record the number of points, 
unlocked badges, section specific for rewards 
10.6 Non-specific incentive Inform that a reward will be delivered if 
and only if there has been effort and/or 
progress in performing the behavior 
(includes ‘Positive reinforcement’) 
Note: if incentive is material, code 10.1, 
Material incentive (behavior), if social, 
code 10.5, Social incentive and not 10.6, 
Non-specific incentive 
 
ID39: user can write the reward for its child 
and this will appear in homepage as incentive.  
10.7 Self-incentive Plan to reward self in future if and only if 
there has been effort and/or progress in 
performing the behavior 
Note: if self-reward is material, also code 
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10.1, Material incentive (behavior), if 
social, also code 10.5, Social incentive, if 
unspecified, also code 10.6, Non-specific 
incentive; 
ID39: user can write own incentive and will 
appear in homepage.  
10.9 Self-reward Prompt self-praise or self-reward if and 
only if there has been effort and/or 
progress in performing the behavior 
Note: if self-reward is material, also code 
10.2, Material reward (behavior), if 
social, also code 10.4, Social reward, if 
unspecified, also code 10.3, Non-specific 
reward; 
ID39: user can write preferred reward and 
praise themselves. 
13. Identity
13.1. Identification of self as role model Parents as good examples for their children in 
performing a behavior.  
Dental app for parents,  
(e.g., 3-4 year-child imitate their parents (app 
tip to parent: You must provide a good 
example) 
Self-belief 
15.1Verbal persuasion about capability “Tell the person that they can successfully 
perform the wanted behavior, arguing 
against self-doubts and asserting that they 
can and will succeed” 
(e.g., You brush better than most of the 
population but try to spend more time for 
brushing teeth) app ID31  
210 
Assessing the Quality of Mobile Dental Apps 
Coding Sheet (Project 2) 
A) APP CHARACTERITISTCS
A1. App ID 
A2. Name of the app ___________________ 
A3. Coder  
▼ AQ ... Both
 A4. Date coded M/D/YY 
▼ January ... December ~ 31 ~ 2020
A5. Name of developer/offered by ___________________ 
A6. Operating System 
o iOS
o Android









A7. Released on MM/DD/YY 
o Yes ________________________________________________
o Written as ________________________________________________
o Not mentioned
A8. Updated on MM/DD/YY 
o Yes ________________________________________________
o Written as ________________________________________________
o Not mentioned
A9. App price ($) 
o Free (All features)
o Free (In-App Purchases)
o Free (Requires purchase of a toothbrush)
o Other ________________________________________________
A9a. App contains Adds 
o Yes
o No
A10. Number of downloads (Android). 
________________________________________________________________ 
User Rating:  
A11. Star Ratings ____________________ 
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User Rating 
A12. Number of Ratings ______________ 
Target Group Age  







Target Group Age  







A15. App Content/ Focus (Select all that apply) 
Yes No 
Oral hygiene behavior o o 
Dental trauma o o 
Orthodontics o o 
Oral health knowledge: o o 
Other o o 
A16. End users’ characteristics (select all that applies) 
Yes No 
Parents/caregivers o o 
Adults o o 
Children o o 
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A17. App Key Functions (select all that applies) 
Yes No 
Goal setting o o 
Calendar (e.g. dental 
appointments, daily 
toothbrushing) o o 
Alerts or Reminder setting o o 
Ability to communicate with 
dental professionals) o o 
Symptom tracking o o 
Behavior tracking (e.g. track 
toothbrushing, track dental 
appointments) o o 
Tooth brushing Timer o o 
Game/ simulator o o 
Oral health educational 
content o o 
Ability to search for dentists o o 
Other o o 
A18. App URL (third party link) credible health information (non-commercial entity) 
o Yes
o No




A19. App created by (intellectual development) 
o Health professionals (private practice)
o Commercial (For profit: Colgate, Crest, Oral-B, Sensodyne)
o Community based, (professional organizations such as ADA, or any organizations,
hospitals and clinics e.g. south end clinic), specify ________________________ 
o Academic or affiliated teaching hospital or clinic (e.g. Brigham and women hospital
affiliated with Harvard 
o Other ________________________
o Not mentioned
A20. Contact details of app available (not links to contact info) 
o Yes
o No





Security and Privacy Related Features
B1. App Signup Options (select all that applies)
Yes No 
Present but optional o o 
Create login ID and password o o 
Sign up with a choice of 
social media or login o o 
Other _________ o o 
B2. App Privacy Policy (select all that applies) 
Yes No 
On the app store page o o 
Within the App o o 
Other o o 
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B3. Interactivity and Engagement 
Included Not included 
B3.1 Dental related photos 
(real photos) o o 
B3.2 App general images 
(drawing, still images) o o 
B3.3 Use of videos to 
demonstrate any oral hygiene 
behavior such as 
toothbrushing or visiting a 
dentist 
o o 
B3.4 Make use of images to 
demonstrate any oral hygiene 
behavior such as 
toothbrushing or visiting a 
dentist 
o o 
B3.5 Music o o 
B3.6 Audio (e.g. applause) o o 
B3.7 Play games o o 
B3.8 2D/3D animation o o 
B3.9 Reminders and alerts 
(personalization feature) o o 
B3.10 Customization o o 
B3.11 Make use of camera to 
scan dental consumers 
products such as toothbrushes o o 
B3.12 Other _________ o o 
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B4. Social Connectedness including Social Media 
Included Not included 
B4.1 Connect with/share in 
Facebook o o 
B4.2 Connect with/share on 
Twitter o o 
B4.3 Connect/share in other 
social media platforms o o 
B4.4 Have an app community 
(message) o o 
B4.5 Have an app community 
(boards/ discussion forums) o o 
B4.6 Share data with others 
(Leaderboard) challenges o o 
B4.7 Other___________ o o 
B5. Input and Sharing of Information & Feedback 
Included Not included 
B5.1 Manual recording and 
tracking of health behavior 
related information (e.g. 
toothbrushing) 
o o 
B5.2 Automatic recording 
and tracking of health 
behavior related information 
(e.g. toothbrushing) 
o o 
B5.3 Display summarized 




B5.4 Personalized guidance 
and recommendation o o 
B5.5 Other ___________ o o 
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B6. App technological Features 
 
 Included Not included 
B6.1 Track behavior 
automatically o  o  
B6.2 Push notification o  o  
B6.3 Basic function without 
web access (app functions 
offline) o  o  
B6.4 Brushing timer o  o  
B6.5 Connect with Bluetooth o  o  
B6.6 Other _________ o  o  
 





C1) Oral Care Recommendation List 
 
C) APP Content  
Does the app contain oral care recommendations?  
o Yes 
o No 
o Not applicable 
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No. of evidence-informed recommendations for oral health 
C1) Oral Recommendation List  
C1.1 Clean the infant’s gums with a soft clean damp cloth at least once a day. 
C1.2 Brush teeth as soon as the first primary tooth erupts (at approximately 6 months of age) 
C1.3 Parents/caregivers should brush their children teeth (6m+-8 years) 
C1.4 Brushing should be supervised by a parent/carer (school age children: 5-8 years old) 
C1.5 Use smear (rice-sized) layer of toothpaste for (1-3 years old) 
C1.6 Use a pea sized amount of fluoridated toothpaste (3-6 years old) 
C1.7 Use fluoridated toothpaste 
C1.8 Spit, don’t rinse with water after brushing teeth 
C1.9 Floss once daily 
C1.10 Brush twice daily 
Oral Care Recommendation Inclusion 
Is the recommendation "${lm://Field/1}" fully included or partially included? 
o Fully included
o Partially included
C2) Dietary Recommendations List 





C2) Dietary Recommendations; Nutrition and Feeding Practices (Check all that apply) 
C2.1 Breastfeeding prior to 12 months of age 
C2.2 Use beverage and infant formula that include fluoride 
C2.3 Avoid bottle-feeding after one year of age 
C2.4 Do not dip a pacifier in sweetened foods (e.g., sugar, honey, syrup) 
C2.5 Avoid sharing utensils (e.g., spoons) or orally clean a pacifier or a bottle nipple then 
give it to a child 
C2.6 Switch to a cup by age 3 years 
C2.7 Avoid prolong bottle feeding or use of sippy cup with beverages containing sugar 
during the day or night 
C2.8 Eat a variety of healthy foods 
C2.9 Substitute sugar- containing foods and beverages with alternatives that are less 
cariogenic 
C2.10 Limit sugar intake to less than 5% of total energy intake/day (25 g = 6 tsp). (All age 
groups) 
C2.11 Limit frequency of sugary food and drinks, especially between meals 
C2.12 Avoid sugar containing foods and drinks after brushing at night 
C2.13 Use sugar-free medicines where possible 
C2.14 No juice should be introduced into infant’s diet before 1 year of age. 
C2.15 Juice should be limited or eliminated 
C2.16 Drink water containing fluoride (e.g. tap or bottled water that contains fluoride) 
Dietary Recommendations Inclusion 




C3) Substance Abuse 




C3) Substance Abuse List (Check all that apply) 
C3.1 Avoid second- hand smoke. 
C3.2 Do not smoke (cigarettes or e-cigarettes) Do not use shisha pipes 
C3.3 Do not use smokeless tobacco (e.g. chewing tobacco) 
C3.4 Do not drink alcohol 
C3.5 Reduce alcohol consumption to lower risk levels (men 
Substance Abuse Inclusion 
Is the "${lm://Field/1}" information fully included or partially included? 
o Fully included
o Partially included
C4) Professional & Other Dental Care List 





C4) Professional & Other Dental Care Recommendations List (Check all that apply) 
C4.1 Dental home no later than 12 months of age 
C4.2 Regular dental visits every 6 months. 
C4.3 should receive topical fluoride treatment every 6 months (1-21 years old) 
C4.4 Children should receive dental sealants (6- 21 years old) 
S.5 Children should stop oral habits (e.g. sucking habit) by age 3 years and younger
S.6 Should Seek counseling for existing oral habits (e.g., fingernail biting, clenching,
bruxism) (5-21+ years)
S.7 Use properly fitted mouthguards (gumshield or mouth protector) when playing collisions
and contact sports.
S.8 Adapt a special oral health equipment; tooth brush for special needs
Professional & Other Dental Care Inclusion 
Is the "${lm://Field/1}" information fully included or partially included? 
o Fully included
o Partially included
C5) Non-Evidence-Based Oral Health & Iatrogenic Practices List 
Does the app contain non-evidence-based oral health practices?  
o Yes
o No




C5) Non-Evidence-Based Oral Health & Iatrogenic Practices List (Please check included 
practices in the app)  
C5.1 Mix baking soda with or without lemon to whiten your teeth 
C5.2 Use clove oil to relieve tooth pain 
C5.3 Brush your teeth or swish your mouth with activated charcoal to whiten your teeth 
C5.4 Use Aspirin to prevent tooth decay 
C5.5 Rub your child gum with alcohol and whisky to relive teeth pain 
C5.6 Brush your teeth with coconut oil 
C5.7 Brush your teeth with a mix of cream of tartar, ripe of strawberries and a tablespoon of 
backing soda. 
C5.8 Oil pulling 





BCTs LIST (Check all that apply) 
1.1 Goal setting (behavior) 
1.2 Problem solving 
1.3 Goal setting (outcome) 
1.4 Action planning 
1.6. Discrepancy between current behavior and goal 
2.1. Monitoring of behavior by others without feedback 
2.2 Feedback on behavior 
2.3 Self-monitoring of behavior 
2.4. Self-monitoring of outcome(s) of behavior 
2.7. Feedback on outcome(s) of behavior 
3.1. Social support (unspecified) 
3.2 Social support (practical) 
4.1 Instruction on how to perform behavior 
5.1 Information about health consequences 
5.2 Salience of consequences 
5.3 Information about social and environmental consequences 
6.1 Demonstration of the behavior 
6.2 Social comparison 
7.1 Prompts/cues 
8.1 Behavioral practice/rehearsal 
8.3. Habit formation 
9.1 Credible source 
9.2 Pros and Cons 
10.1 Material incentive (behavior) 
10.2 Material reward (behavior) 
10.4 Social reward 
10.3 Non-specific reward 
10.5 Social incentive 




13.1. Identification of self as role model 
15.1 Verbal persuasion about capability 
BCTs INCLUSION 
Is the BCT "${lm://Field/1}" fully or partially included? 
o Fully included
o Partially included
Oral health literacy 
E. Oral health literacy
This section is for only oral health apps that have content.
1- A common dimension of information across oral health apps will be copied and pasted in
the readability website for assessment.
2- The text should be 100 words.

































































Search Keywords Used in App Stores (Paper 2) 
Google Play Keywords = 43 iOS Keywords = 40 
oral health oral health 
dental health dental health 
teeth health teeth health 
tooth health tooth health 
mouth health mouth health 
teeth care teeth care 
dental care dental care 
oral care oral care 
oral hygiene oral hygiene 
toothbrush toothbrush 
tooth brushing tooth brushing 
teeth cleaning teeth cleaning 
dental floss dental floss 
toothpaste toothpaste 
dentist dentist 
tooth pain tooth pain 
pediatric dentist pediatric dentist 
kids dentist kids dentist 
tooth doctor tooth doctor* 
dental emergency dental emergency 
tooth infection tooth infection 
toothache toothache 
cavity cavity 
discolored teeth discolored teeth* 
dental calculus dental calculus 
tooth tartar tooth tartar * 
bad breath bad breath 
Halitosis Halitosis 
teething teething 
mouth cancer mouth cancer 
oral cancer oral cancer 
mouth ulcer mouth ulcer 
tooth trauma tooth trauma 
dental trauma dental trauma 
tooth fracture tooth fracture 
baby teeth baby teeth 
dental X-ray dental X-ray 
teeth teeth 
tooth tooth 
teeth whitening teeth whitening 
wisdom teeth wisdom teeth 
healthy teeth healthy teeth 
dental visit dental visit 
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1 American Academy of Pediatric Dentistry (AAPD). Periodicity of Examination, Preventive Dental Services, Anticipatory Guidance/Counseling, and Oral 
Treatment for Infants, Children, and Adolescents. Pediatric Dentistry 2018;40(6):194-203 
2 Casamassimo P, Holt K, eds. 2016. Bright Futures: Oral Health—Pocket Guide (3rd ed.). Washington, DC: National Maternal and Child Oral Health Resource 
Center. 
3 AAPD Healthy Habits Poster 
Parameter / Statements Recommendations Description 
Dental Home Dental home no later than 12 months 
of age 
“The first examination is recommended at the time of the 
eruption of the first tooth and no later than 12 months of 
age.”1 
“The first oral examination should occur within 6 months of 
the eruption of the first primary tooth, and no later than age 
12 months.”2 
Dental Visits Children should visit the dentist every 
6 months for checkup and cleaning 
Children at high risk should visit 
dentists every 3 months.  
“Scale and clean the teeth every six months or as indicated 
by individual patient’s needs.”1
“Regular check-ups should occur every SIX MONTHS.”3 
“Children who exhibit higher risk of developing caries and/ 
or periodontal disease would benefit from recall 
appointments at greater frequency than every six months 
(e.g., every three months).”1
Sealants Children should receive sealants (6 
years and older). 
Up to adolescents 21 years old2 
“Provide pit and fissure sealants for caries-susceptible 
anterior and posterior primary and permanent teeth” two to 
six years.1
“The sealant guideline panel recommends the use of sealants 
compared with nonuse in permanent molars with both sound 
Evidence-Based Strategies (Project 2) 
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4 Wright JT, Crall JJ, Fontana M, et al. Evidence-based Clinical Practice Guideline for the Use of Pit-and-Fissure Sealants. American Academy of Pediatric 
Dentistry, American Dental Association. Pediatric Dentistry 2016;38(5):E120-E36.  
5 Rethman MP, Beltrán-Aguilar ED, Billings RJ, et al.; for the American Dental Association Council on Scientific Affairs Expert Panel on Nonfluoride Caries-
Preventive Agents. Nonfluoride caries-preventive agents: executive summary of evidence-based clinical recommendations. JADA 2011;142(9):1065-1071. 
occlusal surfaces and non cavitated occlusal carious lesions 
in children and adolescents”4 
“Use of dental sealants for preventing the initiation (primary 
prevention) or progression (secondary prevention) of dental 
caries on occlusal surfaces of permanent molars has strong 
evidence in both clinical and school settings.”9  
“Professional and home fluorides, including fluoridated 
toothpastes and pit and fissure sealants remain the primary 
choices for caries prevention.”5 
Oral habits Parents should wean their children 
from oral habits 
Children should stop sucking habits 
by age 3 years and younger  
Seek counseling for oral habits (5 -10 
years) 
“Provide counseling for nonnutritive oral habits (e.g., digit, 
pacifiers).” 6-24 months.1
“Oral habits (e.g., nonnutritive sucking: digital and pacifier 
habits; bruxism; tongue thrust swallow and abnormal tongue 
position; self-injurious/self-mutilating behavior)”1
“It is important to discuss the need for early pacifier and 
digit sucking, then the need to wean from the habits before 
malocclusion or skeletal dysplasias occur.”1
“Early dental visits provide an opportunity to encourage 
parents to help their children stop sucking habits by age 
three years or younger. For school- aged children and 
adolescent patients, counseling regarding any existing habits 
(e.g., fingernail biting, clenching, bruxism) is appropriate.”1
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6 American Academy of Pediatric Dentistry. Policy on dietary recommendations for infants, children, and adolescents. Pediatric Dentistry 2018;40(6):65-7.  





“Do not dip a pacifier in sweetened 
foods (e.g., sugar, honey, syrup) (0-4 
years)”2 
 
“Avoid sharing utensils (e.g., spoons) 
or orally clean a pacifier or a bottle 
nipple then give it to a child (0-4 
years)”2 
“If the child regularly engages in non- nutritive sucking 
behaviors, gently intervene to help the child stop.”2 
 
 
Breastfeeding  Breastfeed prior to 12 months of age 
 
“Breast-feeding of infants prior to 12 months of age to 
ensure the best possible health and developmental and 
psychosocial outcomes for infants.”6 
 
“[S]ystematic review concluded that children exposed to 
long durations of breast-feeding up to age 12 months had 
reduced risk of caries”6 
 






Avoid prolong bottle feeding or use of 
sippy cup with beverages containing 
sugar during the day or night  
 
 
“Frequent night-time bottle-feeding with milk and ad libitum 
breast- feeding are associated, but not consistently 
implicated, with ECC.”7 
“Weaning the child from a bottle to a cup by age 12 to 14 
months. Serve beverages in a cup.”2 
 
 “Practitioners should counsel parents that high frequency 
consumption of sugars by bottle-feeding, sippy cup use, or 




8 American Academy of Pediatric Dentistry. Policy on Early Childhood Caries (ECC): Classifications, Consequences, and Preventive Strategies. Pediatric 
Dentistry 2018;40(6):60-2. 
Sugar should not be added in children 
food and drinks (e.g. baby bottle or 
no-spill training cup) 
Eat a variety of healthy foods such as 
fruits, vegetables, whole-grain 
products and dairy products. Meats, 
fish, chicken, eggs, beans, and nuts 
are also good choices for meals and 
snacks.  
“[N]ot putting the infant to sleep with a bottle or sippy cup. 
Also, do not allow prolonged bottle feedings or use of sippy 
cups with beverages containing sugar (e.g., fruit drinks, pop 
(soda), fruit juice), milk, or formula during the day or at 
night.”2
“[A]voiding frequent consumption of liquids and/or solid 
foods containing sugar, in particular:  
• sugar-sweetened beverages (e.g., juices, soft drinks,
sports drinks, sweetened tea) in a baby bottle or no-
spill training cup.
• ad libitum breast-feeding after the first primary tooth
begins to erupt and other dietary carbohydrates are
introduced.
• baby bottle use after 12-18 months.”8
“Serving a variety of healthy foods such as fruits, vegetables, 
whole-grain products (cereals, bread, or crackers), and 
dairy products (milk, cheese, cottage cheese, and 
unsweetened yogurt). Meats, fish, chicken, eggs, beans, and 
nuts are also good choices for meals and snacks”2
Dietary guidelines (sugar 
intake)  
Sugar Intake:  
Age: 4-8 years old:  
Limit sugar intake to less than 5% of 
total energy intake/day (less than 16g) 
“[T]he World Health Organization recommends reducing 
the intake of sugar to less than 10 percent of total energy 
intake, and to reduce children’s risk of weight gain and 
dental caries, limiting the intake of sugar to less than five 
percent of total energy intake per day (less than 16 grams of 
sugar for children aged 4–8).”6
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9 Pitts N, Zero D. White Paper on Dental Caries Prevention and Management. FDI World Dental Federation. 2016. 
https://www.fdiworlddental.org/sites/default/files/media/documents/2016-fdi_cpp-white_paper.pdf. Accessed February 25, 2019.  
10 U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans. 8th Edition. December 
2015. Available at http://health.gov/dietaryguidelines/2015/guidelines/.  











Children and adolescents:  
Reduce added sugar intake to less 
than 25g of added sugar/day.   
General:  
Limit intake of added sugar to less 
than 10% of calories per day (amount)  
- “Substitute sugar- containing foods 
and beverages with alternatives that 
are less cariogenic”9 
- Avoid foods and drinks containing 
sugar at bedtime. 
- Limit frequency of sugary food and 
drinks, especially between meals 
“A recent systematic review has concluded that caries is 
much less likely to occur in the absence of dietary free sugar 
intake above a threshold of 5% of energy intake.”9 
 
“Limit the frequency of sugar exposures to meals and to 
substitute sugar- containing foods and beverages with 
alternatives that are less cariogenic.”9 
 
“Additionally, the American Heart Association recommends 
reducing sugar consumption in children and adolescents to 
less than 25 grams of added sugar per day.”6 
 




“Consensus recommendations advocate the following to 
prevent tooth decay:  
• the amount and frequency of consumption of foods 
and drinks that contain free sugars should be 
reduced.  
• avoid sugar containing foods and drinks at 
bedtime”11 
 
Dietary guidelines (Juice) Age one year: feeding from a bottle 
should be discouraged 
 
 
“From six months of age infants should be III introduced to 
drinking from a free-flow cup, and from age one year feeding 




No juice should be introduced until 1 
year of age.  
Children 1-3 years (toddlers) 
-Juice should be limited to four
ounces a day
-should not be given juice in
containers that foster easy 
consumption (e.g. bottle or covered 
cup) 
- should not be given juice at bedtime
Children 4-6 years: 
-Juice intake should be limited to 4–6
ounces
-Juice should be consumed from a cup
Children 7-18 years:  
Juice intake should be limited to 8 
ounces 
“The American Academy of Pediatrics has recommended 
children one through six years of age consume no more than 
four to six ounces of 100 percent fruit juice per day, from a 
cup (i.e., not a bottle or covered cup).”7
“The AAP recommendations on fruit juice in infants, 
children, and adolescents.”6
“The Committee on Nutrition of the American Academy of 
Pediatrics (AAP) has reconfirmed that 100 percent juice and 
juice drinks have no essential role in a healthy diet for 
children, and contribute to excessive calorie intake and risk 
of dental caries in children.”6  
 “Their recommendations include: juice should not be 
introduced to infants before one year of age; intake of juice 
should be limited to four ounces a day for children ages 1–3 
years of age; 4–6 ounces for children 4–6 years of age; eight 
ounces for children 7–18 years of age; toddlers should not be 
given juice in containers that foster easy consumption; and 
toddlers should not be given juice at bedtime.”6
Dietary guidelines 
(Balanced diet) 
Eat healthy and well-balanced diet. 
Frequent ingestion of sugar-sweetened medications is 
associated with dental caries in chronically ill children.”6  
“The AAP has recommended that the optimal way to obtain 
adequate amounts of vitamins is to consume a healthy and 
well- balanced diet.”6
“The 2015–2020 Dietary Guidelines for Americans 
emphasize consuming a healthy eating pattern that includes 
a variety of vegetables, fruits, grains, fat-free or low- fat 
dairy products, a variety of protein foods, and oils, with 
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“limit consumption and frequency of 
sugary food and drinks, especially 
between meals.”9  
 
  
limits on saturated and trans fats, added sugars, and sodium. 
The Dietary Guidelines for Americans give specific 
quantitative guidelines for consumers, such as consuming 
less than 10 percent of calories per day from added sugars, 
consuming less than 10 percent of calories per day from 
saturated fats, and consuming less than 2,300 milligrams per 
day of sodium.”10 
 
All age groups “Sugar-free medicines should be 
recommended”11 PHE. Evidence: III 11 
 
Oral hygiene  Clean the infant’s gums with a soft 
clean damp cloth at least once a day.  
Brush teeth as soon as the first 
primary tooth erupts (at 
approximately 6 months of age) 
 
Parents/caregivers should brush 
children tooth up to the age of 8 years 
 
Parents should brush at least once a 
day and supervise toothbrushing for 
school age children (5-8years)   
 
General (FDI +AAPD)  
-Brush twice daily 
-Brush after breakfast 
-Brush before bedtime 
-Brush for 2 minutes  
-Spit, don’t rinse with water after 
brushing teeth 
-Amount of toothpaste:  Less than 
3yrs: thin smear, 3-6yrs: pea size, 
“Cleaning the infant’s gums with a soft clean damp cloth at 
least once a day.”2 
  
“[I]mplementing oral hygiene measures no later than the 
time of eruption of the first primary tooth. Toothbrushing 
should be performed for children by a parent twice daily, 
using a soft toothbrush of age-appropriate size. In children 
under the age of three, a smear or rice-sized amount of 
fluoridated toothpaste should be used. In children ages three 
to six, a pea-sized amount of fluoridated toothpaste should be 
used.”8 
  
“To maximize the beneficial effect of fluoride in the 
toothpaste, rinsing after brushing should be kept to a 
minimum or eliminated altogether.”8 
 
“Initially, oral hygiene is the responsibility of the parent.”1  
 
“Parents should dispense the toothpaste onto a soft, age-
appropriate sized toothbrush and perform or assist with 
toothbrushing of preschool-aged children.”8 
 
237 
older than 6yrs: full length of 
toothbrush  
Children at high risk of caries should 
use fluoridated mouthrinse at least 
weekly (6-18 years old)  
All Children:  
Teeth should be brushed twice daily 
with a fluoridated toothpaste.  
Toothpaste should contain 1000 ppm 
Fluoride and higher.  
Children 1-3 years (toddlers): 
Use smear (rice-sized) layer of 
fluoridated toothpaste.  
“Parents should help their children brush their teeth TWICE 
DAILY — after breakfast and before bedtime are ideal. It’s 
recommended that parents/caregivers supervise the brushing 
for school-age children until they are 7 to 8 years of age.”3
“For effective plaque removal, making sure that a parent 
brushes the child’s teeth at least once a day. Because 
brushing requires good fine motor control, young children 
cannot clean their teeth without parental help. After children 
acquire fine motor skills (e.g., the ability to tie their 
shoelaces), typically by age 7 or 8, they can clean their teeth 
effectively but should be supervised by a parent.”2
“Prevention of caries in children age 0-6yrs 
• Parents/carers should brush or supervise
toothbrushing. I: strong evidence
• As soon as teeth erupt in the mouth brush them I
twice daily with a fluoridated toothpaste. I: strong
evidence
• Brush last thing at night and on one other
occasion. I & III: Evidence from well-designed trials
without randomization…
• Spit out after brushing and do not rinse, to maintain
fluoride concentration levels III: Evidence from well-
designed trials without randomization…”11
“Prevention of caries in children aged from 7 years and 
young adults  




                                                 

































“The benefit of toothbrushing can only be associated with the 




“Use fluoridated toothpaste containing no less I than 1,000 
ppm fluoride (0-3years)” I: strong evidence.11  
 
“Use fluoridated toothpaste containing more than 1,000 ppm 
fluoride” I: strong evidence.11  
 
“Recommendations for best practices 
based on available evidence for fluoride 
toothpaste use [included]Brushing Frequency, amount of 
Fluoride toothpaste, brushing time, post-brushing, and 
supervised brushing”9 
 
“There is support from evidence-based reviews that 
fluoridated toothpaste is effective in reducing dental caries in 
children with the effect increased in children with higher 
baseline level of caries, higher con- centration of fluoride in 
the toothpaste, greater frequency in use, and supervision. 
Using no more than a smear or rice-size amount of 
fluoridated toothpaste for children less than three years of 
age may decrease risk of fluorosis. Using no more than a 
pea-size amount of fluoridated toothpaste is appropriate for 
children aged three to six.”12 
 
Toothpaste amount (smear, pea) was rated as a Good 
practice evidence by PH England11 
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13 White Paper on Oral Health Worldwide. FDI World Dental Federation. 2015. https://www.fdiworlddental.org/sites/default/files/media/documents/2015_wohd-
whitepaper-oral_health_worldwide.pdf. Accessed February 25, 2019. 
14 American Academy of Pediatric Dentistry. Policy on prevention of sports-related orofacial injuries. Pediatric Dentistry 2018;40(6):86-91.  
Children with special needs:  
Adapt a special oral health equipment 
“For children with special health care needs, adapting or 
obtaining special oral health equipment (e.g., adapting a 
toothbrush) to brush the child’s teeth, if needed.”2  
Injury and trauma 
prevention 
2 years and older 
Use properly fitted mouthguards 
(gumshield or mouth protector) when 
playing collisions and contact sports.  
To prevent orofacial injuries, use 
protective equipment such as face 
protectors in baseball and softball 
activities.   
“Protect teeth by wearing protection 
gear such as a mouth guard and a 
helmet during contact and injury-
prone sports and transportation.”13
“Practitioners should provide age-appropriate injury 
prevention counseling for orofacial trauma. initially, 
discussions would include advice regarding play objects, 
pacifiers, car seats, and electrical cords. As motor 
coordination develops and the child grows older, the 
parent/patient should be counseled on additional safety and 
preventive measures, including use of athletic mouthguards 
for sporting activities.”1 
“The National Federation of State High School Associations 
mandates mouthguards only for football, ice hockey, 
lacrosse, and field hockey and for wrestlers wearing 
braces.”14
“Four states (Maine, Massachusetts, Minnesota, and New 
Hampshire) have been successful in increasing the number of 
sports requiring mouthguard use to include sports such as 
soccer, wrestling, and basketball.”14
“The American Dental Associations and International 
Academy of Sports Dentistry [ASD] currently recommend the 
use of mouthguards in 29 sports or activities.”14
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15 American Academy of Pediatric Dentistry. Policy on tobacco use. Pediatric Dentistry 2018;40(6):70-4.  
 
 
“The ASD “recommends the use of a properly fitted mouth- 
guard”14 
 
“The ASD strongly supports and encourages a mandate for 
use of a properly-fitted mouthguard in all collision and 
contact sports.”14 
 
“The AAPD encourages: 
• Dentists to play an active role in educating the public 
in the use of protective equipment for the prevention 
of orofacial injuries during sporting and recreational 
activities. 
• An ASTM-certified face protector be required for 




(Tobacco product use 




Adolescents and adults    
10+years and older  
Avoid exposing the infant to second- 
hand smoke.  
 
“Do not smoke or use shisha pipes.Do 
not use smokeless tobacco (eg. paan, 
chewing tobacco, gutkha). Reduce 




“Reduce or quit tobacco and alcohol 
use.”13   
 
 
“Avoiding exposing the infant to second- hand smoke.”2  
 
 
“The AAPD opposes the use of all forms of tobacco 
including cigarettes, pipes, cigars, bidis, kreteks, and 
smokeless tobacco and alternative nicotine delivery systems, 
such as tobacco lozenges, nicotine water, nicotine lollipops, 
or heated tobacco- cigarette substitutes (electronic 
cigarettes).”15 
 
“Evidence-based advice and professional intervention about 
smoking and other tobacco use: 
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16 American Academy of Pediatric Dentistry. Policy on Substance Abuse in Adolescent Patients. Pediatric Dentistry 2018;40(6):78-81 
Do not drink alcohol (10-21 years) 
Reduce alcohol consumption to lower 
risk levels (Men <14 drinks/week, 
Women <7 drinks/week)  
Tobacco use, both smoking and chewing tobacco seriously 
affects general and oral health. The most significant effect on 
the mouth is oral cancers and pre-cancers.  
• Do not smoke or use shisha pipes
• Do not use smokeless tobacco (eg. paan, chewing tobacco,
gutkha)”11
“Practitioners should provide education regarding the 
serious health consequences of tobacco use and 
exposure to second hand smoke.”1
Adolescents 11-21 years old 
 “Substance Use: Not smoking cigarettes (cigarettes or e-
cigarettes) or using chewing tobacco. Avoid secondhand 
smoke.”2 
“Substances abused by adolescents include alcohol, 
inhalants, opiates, amphetamines, cocaine, marijuana, 
barbiturates, ben- zodiazepines, hallucinogens, and anabolic 
steroids.”16 
“The Chief Medical Officers’ guidelines for alcohol 
consumption in 2016 recommended (Department of Health, 
2016): All adults: you are safest not to drink regularly more 
than 14 units per week, to keep health risks from drinking 
alcohol to a lower level”11  
“NIAAA’s Definition of Drinking at Low Risk for Developing 
Alcohol Use Disorder (AUD): 
For women, low-risk drinking is defined as no more than 3 
drinks on any single day and no more than 7 drinks per week. 
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17 National Institute on Alcohol Abuse and Alcoholism. Drinking Levels Defined. Retrieved March 5, 2019, from https://www.niaaa.nih.gov/alcohol-
health/overview-alcohol-consumption/moderate-binge-drinking 
18 American Academy of Pediatric Dentistry. Policy on intraoral/perioral piercing and oral jewelry/accessories. Pediatric Dentistry 2018;40(6):84-5.  
 
For men, it is defined as no more than 4 drinks on any single 
day and no more than 14 drinks per week. NIAAA research 
shows that only about 2 in 100 people who drink within these 







6 years and older   
 “Complications from intraoral/perioral piercings can range 
from pain, infection, and tooth fracture to life-threatening 
conditions of bleeding, edema, and airway obstruction.99 
Education regarding pathologic conditions and sequelae 
associated with piercings should be initiated for the preteen 
child/parent and reinforced during subsequent periodic 
visits. The AAPD strongly opposes the practice of piercing 
intraoral and perioral tissues and use of jewelry on intraoral 
and perioral tissues due to the potential for pathological 
conditions and sequelae associated with these practices.”1  
 
“Life- threatening complications associated with oral 
piercings have been reported, including bleeding, edema, 
endocarditis, and  
airway obstruction. Additionally, the use of dental jewelry 





fluoride treatment  
Children 1 year and older should 
receive topical fluoride treatment 
every 6 months  
 
Up to adolescents 21 years old2 
 
“There is a moderate level of evidence to support 
professionally applied topical fluoride treatments in 
higher risk individuals. Professional application of 
fluoride gels has been associated with a substantial 
reduction (21%) in caries (DMFS)”9 
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19 American Academy of Pediatric Dentistry (AAPD). Recommendations for Pediatric Oral Health Assessment, Preventive Services, and Anticipatory 
Guidance/Counseling. Pediatric Dentistry 2018;4(6):10-11. https://www.aapd.org/assets/1/7/Periodicity-AAPDSchedule.pdf. Accessed February 25, 2019. 
20 American Academy of Pediatric Dentistry. Policy on Use of Fluoride. Pediatric Dentistry 2018;40(6):49-50. 
Children at high risk should receive 
fluoride every 3 months.  
“Provide topical fluoride treatments every six months or as 
indicated by the child’s individual needs or risk 
status/susceptibility to disease.”1
Recommendations for Pediatric Oral Health Assessment, 
Preventive Services, and Anticipatory Guidance/Counseling 
mentioned the topical fluoride recommendations by age (12 
to 24 months, Two to six years, Six to 12 years, and 12 years 
and older)19
__________________ 
“The recommended professionally-applied fluoride 
treatments for children at risk for ECC who are younger than 
six years is five percent sodium fluoride varnish (NaFV; 
22,500 ppm F).”8
“Children at high caries risk should receive greater 
frequency of professional fluoride applications (e.g., every 
three months).”1
“[P]roviding professionally-applied fluoride varnish 
treatments for children at risk for ECC.”8
Fluoride (infant, 
children) 
Use beverage and infant formula that 
include fluoride 
 “Encourages all beverage and infant formula manufacturers 
to include fluoride concentration with the nutritional content 
on food labels”20 
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21 Berg J et al. Evidence-based clinical recommendations regarding fluoride intake from reconstituted infant formula and enamel fluorosis. Journal of the 
American Dental Association 2011;142;79-87  
 
 



















Drink water containing fluoride (tap 
or bottled water that contains fluoride)  
“Use fluoridated water (via a community fluoridated water 
source) or bottled water that contains fluoride for preparing 
infant formula.”2  
 
“Both recommendations are based on lower level of 
evidence:   
• [C]ontinued use of powdered or liquid 
concentrate infant formulas reconstituted with 
optimally fluoridated drinking water while being 
cognizant of the potential risk of enamel fluorosis 
development (strength of evidence: D). 
• When the potential risk of enamel fluorosis 
development is a concern, suggest ready-to-feed 
formula or powdered or liquid concentrate formula 
reconstituted with water that either is fluoride free 
or has low concentrations of fluoride (strength of 
evidence: C).”21 
 
“Optimal exposure to fluoride is important to all dentate 
infants and children. Systemically- administered fluoride 
should be considered for all children who do not receive 
fluoride by consuming fluoridated water (less than 0.7 part 
per million) in after determining all other dietary sources of 
fluoride exposure.”7 
 
“Serving water throughout the day, especially between meals 
and snacks. Drink fluoridated water (via a community 
fluoridated water source) or bottled water that contains 
fluoride.”2 
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22 American Academy of Pediatric Dentistry. Adolescent oral health care. Pediatric Dentistry 2018;40(6):221-8. 
Oral hygiene and fluoride 
(Adolescents) 
Adolescents 10-18 years old:  
Teeth should be brushed at least twice 
daily with a fluoridated toothpaste.  
At risk children should receive 
fluoride at their dental visit.  
Use fluoridated mouth rinse. 
Drink fluoridated water. 
Floss daily (10+ and older). 
“Adolescents are defined very broadly as youths between the 
ages of 10 to 18”22 
“The adolescent should receive maximum fluoride benefit 
dependent on risk assessment: 
• brushing teeth twice a day with a fluoridated
dentifrice is recommended to provide continuing
topical benefits.
• professionally-applied fluoride treatments should be
based on the individual patient’s caries-risk
assessment, as determined by the patient’s dental
provider.
• home-applied prescription strength topical fluoride
products [e.g., 0.4 percent stannous fluoride gel, 0.5
percent fluoride gel or paste, 0.2 percent sodium
fluoride (NaF) rinse] may be used when indicated by
an individual’s caries pattern or caries risk status.
• systemic fluoride intake via optimal fluoridation of
drinking water or professionally-prescribed
supplements is recommended to 16 years of age.
Supplements should be given only after all other
sources of fluoride have been evaluated.”22
Oral hygiene Recommendations: 
“[A]dolescents should be educated and motivated to 
maintain personal oral hygiene through daily plaque 
removal, including flossing, with the frequency and technique 




                                                 
23 I = Strong evidence from at least one systematic review of multiple well-designed randomized control trials.11 
24 GP = Specific evidence is not available but the statement makes practical sense.11 
25 Opinions of respected authorities, based on clinical evidence, descriptive studies or reports of expert committees.11 
Children and adults at 
risk  
(e.g. special needs)  
Visit dentist frequently based on 
individual needs or susceptibility of 
disease 
 
Use fluoridated toothpaste containing 
1,350 -1,500 ppm fluoride 
 
 
It is good practice to use only a smear 
or pea size amount  
  
Where medication is given frequently 
or long-term request that it is sugar 
free, or used to minimize cariogenic 
effects  
 
Should receive topical fluoride 
treatment two or more times a year 
 
Use a fluoride mouth rinse daily 
(0.05% NaF) at a different time to 
brushing 
All age groups “For children with special health care needs, 
making appointments for more frequent dental visits based 
on the child’s individual needs or susceptibility to disease.”2  
 
 “Children aged 0-6 giving concern (eg, those likely to 
develop caries, those with special needs)  
[All general advice as healthy children plus]:  
• Use fluoridated toothpaste containing 1,350 -1,500 
ppm fluoride. [I23] 
• It is good practice to use only a smear or pea size 
amount. [GP24] 
• Where medication is given frequently or long term 
request that it is sugar free, or used to minimise 
cariogenic effects. [GP24] 
• Use a fluoride mouth rinse daily (0.05% NaF) at a 
different time to brushing (7 years and older) [I23]”11 
 
“Professional intervention  
• Apply fluoride varnish to teeth two or more times a 
year (2.2% NaF-) [I23]” 
• Reduce recall interval [V25]   
• Investigate diet and assist adoption of good dietary 
practice in line with the Eatwell Guide [I23]  
• Where medication is given frequently or long term, 
liaise with medical practitioner to request is sugar 
free, or used to minimize cariogenic effects [GP24]11 
 
“Prevention of caries in children aged from 7 years and 
young adults [at risk] 
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• Fissure seal permanent molars with resin sealant
[I23]
• Apply fluoride varnish to teeth two or more times a
year (2.2% NaF-) [I23]
• For those 8 years upwards with active caries
prescribe daily fluoride rinse [I23]
• For those 10+ years with active caries prescribe
2800 ppm fluoride toothpaste [I23]
• For those 16+ years with active disease prescribe
either 2800 ppm or 5000 ppm fluoride toothpaste
[I23]
• Investigate diet and assist to adopt good dietary
practice in line with the Eatwell Guide [I23]”11
“Prevention of caries in adults [at risk]: 
• Apply fluoride varnish to teeth twice yearly (2.2%
NaF) toothpaste [I23]
• For those with active coronal or root caries prescribe
daily fluoride rinse [I23]
• For those with obvious active coronal or root caries
prescribe 2,800 or 5000 ppm fluoride toothpaste [I23]
• Investigate diet and assist to adopt good dietary
practice in line with the Eatwell Guide [I23]”11
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ASSESSING THE QUALITY OF MOBILE APPS 
FOR ORAL HEALTH: CONTENT ANALYSIS AND 
USABILITY 




App Quality Ratings 
Notes in Bald/underline are my comments  
SECTION A: Engagement 
Fun, interesting, customizable, interactive (e.g. sends alerts, messages, reminders, feedback, enables sharing), well-targeted 
to audience.  
1. Entertainment  Components in the app that make it more fun and entreating to use.  
1) Information presented in various means (e.g., written text, audio (voice over), 
animation and video) 
2) Daily challenges (gamification components that can come with points and badges)  
 
These components should be entertaining to code the app (5). 
 
Score 3: if 1 engagement only feature was present (different means of text such as text 
and pictures.  
 
Score 4: if 2 engagement features were present in the app (various means of presenting 
app information (text, animation, video), and search local dentists or reminders/music 
 
Score 5 (should have challenges such as a gamification component or where points and 
social rewards are given for a behavior) plus 2 or more engagement features, very 
engaging if 1 and 2 are present 
2. Interest  The app presents its content in an interesting way.  
1) App presents personal stories, and videos / or personalized content specific for 
each user profile / personalize brushing experience  
2) Divide the content into categories or app section (Coach, Brush Analyzer, etc)  
3) Text vs animation to present the content  
 
To point out the difference from the previous point:  
A documentary on cancer is an interesting topic but not fun.  
 




Score 5: contain 3 criteria (app sections, personalized content, different means to 
present the app)  
Score 4: contain 2 criteria 
Score 3: contain 1 criteria or none 
 
3. Customization (settings) The app is tailored to suit the user preferences. Apps provides/retains all necessary 
settings/preferences for their features (e.g., sound, content, notifications, etc.).  
- User can set the sound, color, alarms etc.  
 
Basic setting to for the basic functions of the app. If more setting found (score 4 to 5) but the 
app here can be overwhelming to users.  
  
3= Basic customization: user can set only brush reminders or just can select the 
language.  
4= Numerous options for customizations (brushing time and transition sounds) but not 
retained  
5= Settings are tailored to user characteristics and can be retained (Could be same as 4 
but retained for each user) 
 
United Concordia app (score 3)  
User can select the insurance one then he will have only one interactivity feature to set 
each time user search for dentists. There is a language option but this is only for the 
search section not all the app.  
 









App allows user input (users can customize them), provides feedback, contains prompts 
(reminders, sharing 
options, notifications, etc.). 
 
- In-app community (In-app smiles club) 
- Play music 
- Nutritional database  
- Allow sharing content/achievements with others 


























4 customizes the features of 5 
- Select language/insurance type 
- Search for local dentists  
 
Note: these functions need to be customizable and not 
overwhelming in order to be perfect.  
 
Inclusion of reminders (great interactivity features) but users should be able to 
customize when they want to receive them so they won’t come at busy times)  
 
3= Basic interactive features: language or brush reminder only.  
4= Play music, push notifications (reminders and alerts, play music, voice over audio, 
animation, brushing time and transition sounds, sharing with others  
5= (High level of responsiveness) Connect to a toothbrush and the ability to track 
toothbrushing and receiving feedback/ or in-app community or support where users 
can interact with other users or developers of the app. 
 
Bellaire Pediatric Dentistry app (score5):  
- Interactivity: (5) - Note entry - Selection tooth of concern to learn about 
management then send to dentists -  (for the practice patients), set 
reminders for appointments 
 
United Concordia app (score 3)  
- Because both of these options are needed for basic functionality of the 
app (Select language/insurance type, Search for local dentists)  
5. Target group (design and 
complexity of info should 
suit users).  
The app content (visual information, language, design) should be appropriate for your 
target audience (my target group for research). 
- The complexity of information presented (e.g., college level text is not suitable 
for children) 
- The app design should suit your users 
Not any design would suit autistic children for example.  
 








For apps targeting adults and children,  
the app should specify the content for children vs adults or parents. The end user and 
readability scores from paper 2 analyses are reviewed here to see if content match the 
target users.  
Score 4: content and design fit users but content is not categorized to age groups  
Score5: content and design fit users and user can tell which content is for children and 
which for adults or everyone. 
 
SECTION B: Functionality 
App functioning, easy to learn, navigation, flow logic, and gestural design of app 
6. Performance How accurately/fast do the app features (functions) and components 
(buttons/menus) work?  
In other words, does the app work or not? The rater evaluates the timely response of 
different features and buttons.  
 
Try out every component in the app. There should be no errors or bugs! 
 
3: app works overall but some technical problems need fixing 
4: minor/negligible problems that don’t require fixing.  
5: no technical bugs at all.  
 
 
7. Ease of use How easy is it to learn how to use the app; how clear are the menu labels/icons and 
instructions? 
 
- Code as 4 if easy and there are clear instructions or a solid tutorial. App with 
many functionalities such as connected app requires a tutorial or clear 
instruction.  
- Very difficult to figure out the app whether or not the app has tutorial (score 2) 
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- Practically impossible to use the app (score 1)   
- Score 5 only for a very simple app that has one screen or app has very few 
functionalities and mostly text.  
8. Navigation Is moving between screens logical/accurate/appropriate/ uninterrupted; are all 
necessary screen links present? 
 
- This item measures the links between the app screens. How easy to go back to the 
main page and redo the app tasks.  
- Are there missing buttons or missing links? 
- App menu could exist at the bottom of the app or the top. If exist in both, this 
can be confusing to the user. Code 4 as these are negligible problems.  
- Ability to pause a video and start another item in the app smoothly.  
 
Score 4: if there was any confusion when navigating the app but it is a negligible 
problem.  
If you spend some time trying to figure out the navigation, look at the first 3 scores, and 
1 is very difficult to navigate even after spending time on the app.  
9. Gestural design Are interactions (taps/swipes/pinches/scrolls) consistent and intuitive across 
all components/screens?  
  
- Double taps and swipes are common.  
- If “three taps” is used, this should be explained in the tutorial. Yet, the app will not 
be coded as 5.  
- In MARS training video, only 1 gesture was used consistently through the app, 
this was coded as 5 
SECTION C: Aesthetics 
Graphic design, overall visual appeal, color scheme, and stylistic consistency 
10. Layout Is arrangement and size of buttons/icons/menus/content on the screen appropriate or 
zoomable if needed? 
- Accessible buttons 
- Easy to touch 
- Buttons are not big that they are making clutter 




Code 5 when all met: the design component of everything has a purpose, all logically 
organized.  
 
11. Graphics How high is the quality/resolution of graphics used for buttons/icons/menus/content? 
- Resolution and professionalism of the app design  
- Consistent design  
 
In MARS tutorial video, this screen looks like icons but they are not clickable so code as 4 
as this is the only problem encountered in the tested app.  
 
Score 5 if design gives the sense of innovation. 
- Connected apps (menu, buttons and icon design are stylistics and high-quality 
resolution, content has high quality images and animation) and design is 
consistent (Colgate)  




12. Visual appeal How good does the app look? The color choice of the app is appealing!! 
Look & Colors  
If the look was memorable and the best over the average apps, code 5.  
SECTION D: Information 
Contains high quality information (e.g. text, feedback, measures, references) 
from a credible source. Select N/A if the app component is irrelevant. 
 
Note: this section must be coded with experts in the field of the app. In my research, it should be dentists.  
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13. Accuracy of app 
description (in app store) 
Does app contain what is described? As some description in app stores can be misleading.  
 
This item looks into the followings (excellent app):  
- Quality of information 
- App components 
- Who developed the app 
- User can contact the support team 
 
User can’t contact the support team (never put 5)  
1 Misleading. App does not contain the described components/functions. Or has no 
description 
2 Inaccurate. App contains very few of the described components/functions 
3 OK. App contains some of the described components/functions 
4 Accurate. App contains most of the described components/functions but you can’t contact 
the support team 
5 Highly accurate description of the app components/functions (support component is 
available)  
 
14. Goals Does app have specific, measurable and achievable goals (specified in app store 
description or within the app itself)? 
 
What is the app goal and does the app include the components to achieve the targeted goal? 
Look and evaluate the components.  
 
Score 4: User can monitor their goals and progress (measurable goals) features are 
present but not sure how likely goals can be achieved. Depend on user  
 
Score 5: In case of connected apps, highly specific and measurable goals that are high 
likely to be achieved because of awards (social and monetary) and feedback from app 
or dentists   
App Contain goal setting, reminders, demo, monitoring and other features/BCTs.  
 




Information is competent and not harmful to users.  
 
Note that this item should be rated by a specialist in the topic of the app.  
16. Quantity of information Is the extent coverage within the scope of the app; and comprehensive but concise? 
 
Is the information presented in the app is minimal or overwhelming? It should be appropriate 
to the user.  
- The presentation of information helps. Instead of overwhelming text, the app content 
can be designed in expandable icons and categories.  
- User can watch, read, or listen to the content. Can purchase other content and 
courses.  
- External links to additional information resources. Some apps recommend 
websites and guiding recommendations. The coding would be higher to 5.  
 
N/A There is no information within the app 
1 Minimal or overwhelming 
2 Insufficient or possibly overwhelming 
3 OK but not comprehensive or concise 
4 Offers a broad range of information, has some gaps or unnecessary detail; or has no links 
to 
more information and resources 
5 Comprehensive and concise; contains links to more information and resources 
17. Visual information Is visual explanation of concepts – through charts/graphs/images/videos, etc.– clear, 
logical, correct?  
- Some charts and graphs can be difficult to read.  
 
This item is only coded for apps that contain visual presentation of information.  
Don’t code if videos are not aiding in understanding the concept of the app. App 
information here is not being interpreted visually.  
 




18. Credibility Does the app come from a legitimate source (specified in app store description or within 
the app itself)? 
 
- Raters can explore the website of the app to find this information.  
- What is the team/ developer qualifications? 
- Is the developer and organization or a business?  
- Code 3 if developer is a commercial business such as a dentist professional. If 
this info can’t be verified, code 2.  
- If insurance company covering people worldwide: code 5  
-  
 
19. Evidence base Has the app been trialed/tested; must be verified by evidence (in published 
scientific literature)? 
 
- Search the app in Google Scholar to see if there is any study looked at the effect of 
the app.  
- Use different terminology such as “Colgate pp”, “Colgate mobile app”, Colgate 
“mobile app”  
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